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Abstract

Fe,(AsOy4)F has been synthesized under mild hydrothermal conditions in the form of single crystals. The compound crystallizes in C2/c
monoclinic space group with the unit cell parameters ¢ = 13.214(1), b = 6.623(1), ¢ = 10.045(1)A and = 116.90(2)° with Z = 8. The
crystal structure consists of a three-dimensional framework constructed by two kinds of chains, A and B, with 50% of population. In the
chains, the environments for the iron(Il) cations show penta- and hexa-coordination. The chains establish an angle of approximately
120° between them. The disordered fluoride anions in these chains given rise to [Fe(1)O4F (1) 5(F(2)o.5)>] and [Fe(2)O4(F(1)0.5)2F(2)0.5]
edge-shared polyhedra in which the fluoride anions have occupancy factors of 50% over two distinct crystallographic sites. The IR
spectrum shows the characteristic bands of the (AsOy4)*~ groups. From the diffuse reflectance spectrum a D, parameter of 650 cm~! has
been calculated for the Fe(IT) &° high spin cation. The Méssbauer spectrum in the paramagnetic state shows a doublet that has been
fitted, according to the existence of two crystallographically independent iron environments, with two Lorentzian doublets. Magnetic
measurements performed between room temperature and 5K exhibit a maximum at 22.6 K, characteristic of antiferromagnetic

interactions with a estimated ““J”’-exchange parameter of —1.2 K.
© 2006 Elsevier Inc. All rights reserved.
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1. Introduction

Materials science has been growing very fast in recent
decades, giving rise to an incredible number of new phases
with a non-less-amazing chemical diversity. The design of
condensed phases with original physical properties, by
making use of the great number of cations and arrange-
ments that they can exhibit, is an important area in this
field [1].

Since Haushalter et al. [2] synthesized the first organi-
cally templated arsenates with an open framework,
(C4HoNL)[(VIV0)2(HASO4)>(HoAS0,),]  and  (CHoN>)
[VI(HAsO4),(H,As04)]- H,O, using the vanadyl,
(VO)**, and V(III) cations, the number of this kind of
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materials has increased dramatically. The majority of the
templated arsenates with an open-framework known are
with the Fe(IIl) cation and a variety of organic diamines,
such as ethylenediamine [3], 1,3-diaminobutane [4], 1,4-
diazobicyclooctane [5] and piperazine [6]. However, the
hydrothermally synthesized condensed arsenate materials
are scarce in comparison with those obtained by the
ceramic method [7].

The high versatility of the mild hydro- or solvo-thermal
techniques, applied with organic diamines as regulating
agents of the pH, together with the hydrogen fluoride
method [8], that uses hydrofluoric acid as a mineralizer and
as connector between the metal atoms, leads to many novel
structural types the synthesis of which is not possible by
other synthetic procedures.

In this work, the first iron(II) fluoroarsenate synthesized
via mild hydrothermal conditions is reported. The crystal
structure has been resolved from single-crystal X-ray
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diffraction data. Furthermore, the thermal behavior is
analyzed, together with its UV-visible and Mdssbauer
spectroscopic characteristics. This phase exhibits antiferro-
magnetic behavior with an estimated J-exchange parameter
of —-1.2K.

2. Experimental
2.1. Synthesis and characterization

Fe,(AsO4)F was synthesized using mild hydrothermal
conditions under autogeneous pressure. Fe,(SOy); - 7H,O
(0.1505¢g, 1.481mmol) and As,Os5-3H,O (0.4205¢g,
1.481 mmol) were solved in 10 ml of water and HF (1 mL,
57.5mmol) and homopyperazine was added in order to fix
the pH at 6. The reaction mixture was stirred to assure
homogeneity, sealed in a PTFE-lined stainless-steel pres-
sure vessel (fill factor 75%) and then heated at 170 °C for 5
days, followed by slow cooling to room temperature. The
pH did not show any appreciable change during the
hydrothermal reaction. Fe,(AsO4)F was obtained in the
form of single crystals of light brown color, the yield being
80%. The reduction from Fe(IIl) to Fe(Il) is probably
caused by the presence of the homopyperazine and the
water solvent in energetic hydrothermal conditions.

The percentage of elements in the product was deter-
mined by inductively coupled plasma atomic emission
spectroscopy (ICP-AES). With fluorine content requiring
the use of a selective electrode. Observed: Fe, 41.0; As,
27.3; F, 6.6. Fey(AsOy)F requires: Fe, 41.4; As, 27.9; F, 7.0.
The density, measured on a compressed pellet (2kbar,
30min) using a Mettler Toledo AG 204 balance, was
4.50(1)gem ™.
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Thermogravimetric analysis was carried out under
synthetic air in a DSC 2960 simultaneous DSC-TGA
instrument. A crucible containing ca. 20 mg of sample was
heated at 5°Cmin~" in the temperature range 30-800 °C.
The thermogravimetric curve shows an exothermic mass
loss of 4% at approximately 500°C, which can be
attributed to the partial elimination of the fluoride anion
(calc. 7%). Above this temperature the elimination of the
fluoride anions, in the form of F»(g), is completed and, at
approximately 700 °C an increase of the mass takes place
due to the oxidation process Fe(Il) to Fe(IIl) and
subsequent formation of the inorganic residues formed by
the monoclinic FeAsO4 [P2i/n, a=5.012, b=28.081,
c=T.68A, f=104.46°] [9a], the trigonal FeAsO, [P3,21,
a=5.027, c = 11.234 A) [9b], that is isomorphous with the
trigonal FePOy, [9¢c], and finally a triclinic oxoarsenate of
iron(Ill), Fe O3(AsOy4), [P-1, a=6.461, b= 6.594,
¢=5.035A, o = 106.35, f = 98.46, 7 = 108.71°] [9d].

The thermal behavior was studied by time-resolved
X-ray thermodiffractometry in air using a Philips X’PERT
automatic diffractometer (CuKa radiation) equipped with
a variable-temperature stage (Paar Physica TCU 2000)
with a Pt sample holder. The powder patterns were
recorded in 26 steps of 0.03° in the range 10<20<38.5°
counting for 2s per step and increasing the temperature at
15°Cmin~" from room temperature to 810°C. The
compound is stable up to 375 °C up to which temperature
the intensity of the monitored (202) maximum at 20 =
27.7° remains practically unchanged (Fig. 1). In the
375-540°C range a decrease of the intensity of the
diffraction maxima is observed, indicating a loss of
crystallinity. Above 540 °C the diffraction maxima of the
monoclinic FeAsQy, the trigonal FeAsO4 and the triclinic
oxoarsenate of iron(IIl), Fe 05(AsOy4), [9], appear. These

28{7

Fig. 1. Thermodiffractograms of Fe,(AsOy,)F.
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inorganic residues are the same as those observed in the
thermogravimetric analysis.

2.2. Single-crystal X-ray diffraction

A prismatic single-crystal of the Fe;(AsO4)F with
dimensions 0.1 x 0.05 x 0.05mm was carefully selected
under a polarizing microscope and mounted on a glass
fiber. Single-crystal X-ray diffraction data were collected at
room temperature on an Oxford Diffraction XCALIBUR2
automated diffractometer (MoKao radiation) equipped with
a CCD detector. In all 3096 reflections collected, 896 were
independent (Rint. = 0.082) and observed applying the
criterion />20(I). The Lorentz polarization and absorp-
tion corrections were made with the diffractometer soft-

Table 1
Crystallographic data and structure refinement parameters for Fe,
(AsOy)F

Formula Fey(AsOy)F

Molecular weight (gmol™") 269.55

Crystal system Monoclinic

Space group (No. 15) C2/c

a(A) 13.214(1)

b (A) 6.623(1)

cA) 10.045(1)

B () 116.90(2)

V(A% 784.05(1)

zZ 8

Pobss Peales (g Cm73) 450(1)> 4.56

F(000) 1008

Temperature (K) 293

Diffractometer Oxford Diffraction Xcalibur2
p(mm™") 15.694

Radiation, A(MoKa) (A) 0.71073

Limiting indices &, k, [ +17, —5<k<8, +13

R (int) 0.0824

R[I>20(1)] R; =0.0352, wR, = 0.0545
R [all data] Ry =0.0593, wR, = 0.0597
G.O.F 0.922

Ry = [(FoHEDFol; WRy = [W(LF YW E w = 1o | Fol*+
() + ypl; where p = [|Fo2+2|F%)/3; x = 0.0447, p = 0.0.

Table 2
Atomic coordinates, equivalent thermal parameters (U.q) and occupancy
factors for Fey(AsOy4)F

Atoms x y z Ueq x 10> Occupancy
Fe(l)  0.4413(1) —0.2255(2) 0.4863(2)  17(1) 1

Fe(2)  0.3433(1) 0.6079(1)  0.1308(1)  16(1) 1

As 0.3261(1) 0.1013(1)  0.1936(1)  10(1) 1

o(1) 0.3712(4) 0.2974(5)  0.1268(4)  16(1) 1

0(2) 0.2049(4) 0.1583(6)  0.2007(5)  18(1) 1

0(3) 0.3051(4) —0.0875(5)  0.0711(4)  15(1) 1

04) 0.4274(4) 0.0421(6)  0.3650(4)  16(1) 1

F(1) 0.5057(6) —0.3429(10)  0.3350(9)  23(3) 0.498(9)
F(2) 0.5316(7)  —0.4295(10)  0.4589(10) 24(3) 0.502(9)

Ueq = 1/3[U11(aa*)? + Una(bb*)> + Uss(cc*)> + 2 U, saca*c*cos fi.

ware [10], taking into account the shape and size of the
single crystal. The structure was solved by direct methods
with the SIR92 program [11] in the C2/c¢ space group.

Table 3 .
Selected bond distances (A) and angles (°) for Fey(AsOy4)F

[Fe(1)O4F3] octahedron

Fe(1) F(2) o) o' 0@ o) FI) FQ)"

FQ)™  457(4) 71.52) 114.32) 156.92) 80.7(2) 75.6(3) 2.337(7)
F(1) 35.2(3) 145.92) 104.12) 81.8(2) 75.2(2)  2.192(7)

o) 89.7(3) 90.7(2) 164.6(1) 89.2(1) 2.137(4)

0@4)  114.1(3) 129.6(1) 75.5(1)  2.113(4)

O@"  983(3) 97.4(1) 2.093(4)

o) 116.6(2)  2.064(5)

F(2) 1.901(7)

[Fe(2)O4F;] octahedron

Fe2) FQ1)» 0@ o@1) 0@¥ o@)M FEe)y F)i

F()'i 46.3(4) 174.0(2) 93.2(2) 75.5(2) 97.5(2) 78.8(3) 2.222(8)
FQ)  347(3) 98.2(3) 73.3(2) 154.3(3) 96.7(2)  2.227(7)
o3V 89.1(2) 77.6(1) 163.7(1) 87.5(1) 2.100(4)

02" 120.6(3) 107.4(1) 107.0(1)  2.087(5)

o(1) 89.5(2) 90.8(1)  2.093(4)

ol 129.3(3)  2.092(4)

F(1) 1.894(8)

[AsOy] tetrahedron

As o(1) 0(2) 0(3) 0@4)
0(4) 109.1(3) 110.0(2) 111.5(1) 1.681(4)
0(3) 104.6(2) 110.7(2) 1.687(4)

0(2) 111.0(2) 1.679(4)

o(1) 1.689(4)

Symmetry codes: 1= x, —y,z+1/2;ii = —x+1, —y, —z+ 1;1ii = —x+1/2,
y—1/2, —z+1/2; iv=—x+1, —p-1, —z+ 1, v=—x+1, y+1, —z+1/2;
vi=—x+1/2, y+1/2, —z+1/2; vii=—x+1/2, —y+1/2, —z; viii =x,
y+1Lzix=x, =y, z—1/2; x=x, y-1, z.

Chain (1)

Fig. 2. Polyhedral representation of the average three-dimensional crystal
structure for Fe,(AsOy)F.
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Initially the positions of the iron(II) and arsenic(V) ions
and three oxygen atoms were located. SHELXL97 [12] was
used to refine the structure by the least-squares method
based on F?. The refinement procedure allowed to identify
the rest of the oxygen and fluorine atoms. The F-atoms are
disordered in two general crystallographic positions, F(1)
and F(2), with occupancy factors of 50% for each site.
Scattering factors were taken from Ref. [13]. Details of
crystal data, intensity collection and some features of the
structure refinement are given in Table 1. Anisotropic
thermal parameters were used to refine all the atoms. Final
R-factors were R1 =0.0593 (all data) [wR, = 0.0597].
Maximum and minimum peaks in the final difference
synthesis were 0.894, —0.976eA . All structure drawings

Fe(1)O,F

Fe(1)O,F,

T. Berrocal et al. | Journal of Solid State Chemistry 179 (2006) 1659-1667

were made using the ATOMS program [14]. Fractional
atomic coordinates and equivalent isotropic thermal
parameters are shown in Table 2. Selected bond distances
and angles are given in Table 3. The CIF file has been
deposited at the Cambridge Structural Data Base (CSD
No. 415594).

2.3. Physicochemical characterization techniques

The IR spectrum (KBr pellets) was obtained with a
Nicolet FT-IR 740  spectrophotometer in  the
400-4000cm ™" range. Diffuse reflectance spectrum was
registered at room temperature on a Cary 2415 spectro-
photometer in the 210-2000nm range. Mossbauer

0(3)vi

o(3)v:h

Fe(2)O,F

Fe(2)0,F,

Fig. 3. Representation of the polyhedra showing the five- and hexa-coordination of the iron(II) cations.
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measurements were recorded at room temperature in the
transmission geometry using a conventional constant-
acceleration spectrometer with a >’CoRh source. Magnetic
measurements on powdered sample were performed in the
temperature range 5-300K, using a Quantum Desingn
MPMS-7 SQUID magnetometer. The applied magnetic
field was 0.1 T, a value in the range of linear dependence of
magnetization vs. magnetic field, even at 5K.

2.4. Description of the crystal structure

The crystal structure of Fe,(AsOy4)F consists of a three-
dimensional framework constructed from iron(Il)-
oxygen—fluorine polyhedra and arsenate groups (Fig. 2).

The iron(IT) polyhedra can be described as [Fe(1)O4F(1)g s
(F(2)0.5)>] and [Fe(2)O4(F(1)g5),F(2)o s]. The subscripts 0.5 on
the fluoride anions are included in order to note that these ions

1663

have 50% of occupancy in each position. The disorder of these
anions in the metallic polyhedra gives rise to [Fe(1)O4F; 5] and
[Fe(2)O4F 5] units, in which the F(I)-F(1)* [x = —x+1,
y,—z+1] and FQ)}-FQ)" [iv=—-x+1,—y—1,—z+1]
distances have a small value of 1.65(2) and 1.70(1)A,
respectively (Fig. 3). Due to this crystallochemical feature,
the observed iron polyhedra can be described as an average of
FeO4F and FeO,F,, with coordination numbers of 5 and 6,
respectively.

For the [Fe(1)O4F; 5] and [Fe(2)O4F, 5] average poly-
hedra the Fe(1),Fe(2)-O bond distances are in the
2.064(5)-2.137(4) and 2.087(5)72.100(4)A ranges, respec-
tively. The Fe(l), Fe(2-F bond lengths range from
1.901(7) to 2.337(7) and from 1.894(1) to 2.227(7)A,
respectively. The cis-(F,0)-Fe(1)-(O,F) and cis-(F,O)-
Fe(2)«(O.F) angles are in the range of 45.7(4)-
129.6(1)° and 46.3(4)-129.5(3)°, respectively. Finally, the

Average 0(2) iy
Structure Fe(2) M o O(1)
FAENC A
iJ
Chain 1 .

Chain

SequenceA
Fe(2)0,F,

Fe(2)0,F

Fe(1)0 Fd

2

Sequence B

Fe(2)0,F,

Fig. 4. View of the sequences A (hexa- and five-coordination) and B (five and hexa-coordinations) for the chains in the three-dimensional crystal structure
of Fe,(AsOy)F. The average of the sequences A and B gives the three-dimensional disordered crystal structure of the Fe,(AsO4)F phase.
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trans-(F,O0)-Fe—(O,F) bond angles range from 145.9(2) to
164.6(1)° for Fe(1) and from 154.3(3) to 174.0(2)° for Fe(2).

These polyhedra form two different chains with
[Fe(1),06F3], and [Fe(2),04F],, average composition,
named chains (1) and (2), respectively. Chains (1), and (2)
are extended along the [010] and [101] directions, respec-
tively. In these chains there are two alternating Fe(1)-Fe(1)
bond distances of 3.32(1) and 3.40(1)1& and two
Fe(2)-Fe(2) bond lengths of 3.26(1) and 3.73(1) A. The
angle between these chains is approximately 120°.

An unusual feature in this crystal structure is the existence
in each chain of two types of sequences, A and B, with a 50%
of population, involving alternatively penta- and hexa-
surrounding environments for the iron(Il) cations (Fig. 4).
This fact is caused by the disorder of the fluorine atoms. The
refined crystal structure is the result of the superposition of
these two sequences of iron(II) polyhedra in every chain. As
a consequence of these facts, the connexion between the
iron(IT) polyhedra inside of each chain is through vertex- or
edges-shared, alternatively. The two types of chains, (1) and
(2), are connected via a F-vertex common.

The arsenate tetrahedral groups are located between
these two kinds of chains. The AsO, entities are
tetradentate and linked to eight metallic cations through
their four oxygen atoms. Every O(1) and O(2) is linked to
two iron atoms, Fe(l) and Fe(2), whereas O(3) and O(4)
are bonded to two Fe(2) and two Fe(1), respectively. In
these arsenate groups, the mean value of the As—O bond
distance is 1.68(1)1&, and the O-As—-O angles range from
108.3(3)° to 111.7(3)°, as expected for the tetrahedral
geometry with an sp® hybridization for the arsenic atoms.

2.5. Infrared, UV—-vis and Mdssbauer spectroscopies

The IR spectrum shows the bands corresponding to the
vibrational modes of the (AsO,)>~ arsenate anion. The

antisymmetric stretching vibration (v,s) is detected as an
intense split band at 895 and 820cm™'. The symmetric
stretching mode (vs) is detected as a weak signal at 665cm™".
Finally, the antisymmetric deformation mode (J,5) can be
observed at 515 and 490 cm™'. These vibrational modes are
those usually found in arsenate compounds [16].

In the diffuse reflectance spectrum two bands at
approximately 4000 and 9300cm™' are observed. These
bands are characteristic of the iron(II) @° high spin cation
in a distorted octahedral environment. The bands corre-
spond to the electronic transitions from the °T zg(SD)
fundamental state to the excited level 5Ezg(sD) which is
split as consequence of the non-regular octahedral geome-
try observed for this cation. The energy associated to this
transition corresponds, according to the Tanabe-Sugano
diagram, to the D, parameter [17], the value obtained being
Dy = 650 em~'. These results are in good agreement with
those observed in other related compounds containing this
metallic cation [18].

The Mossbauer spectrum, performed at room tempera-
ture in the paramagnetic state shows the presence of pure
hyperfine interactions, and is formed by one doublet
(Fig. 5). Taking into account the crystallographic data
that indicate the existence of two crystallographically
independent Fe(II) cations, the spectrum has been fitted
to two doublets of Lorentzian using the NORMOS
program [19]. As can be seen in Table 4, the isomer shift
and quadrupole splitting values are in good agreement with

Table 4
Isomer shift (6), quadrupolar splitting(AE) and relative spectral areas (%
Fe) from the Mossbauer spectrum of Fe;(AsOy4)F

Compound Site 5 (mms™h AE (mms™") % Fe
Fex(AsO4)F Fe(1) 1.2150(1) 2.0435(1) 48(1)
Fe(2) 1.2042(1) 2.6223(1) 52(1)

Transmitance (a.u.)

Velocity (m's)
Fig. 5. Mossbauer spectrum of Fe,(AsO4)F at 300 K.
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those expected for the Fe(Il) cations in octahedral
geometry. The relative spectral areas are in the 1:1 ratio,
in good accordance with the crystallographic multiplicities
of the metallic cations.

2.6. Magnetic behavior

Magnetic measurements were performed on a powdered
sample from room temperature to 5 K. Plots of the thermal
evolution of y,, and y,,7 are shown in Fig. 6.

The molar magnetic susceptibility increases with decreas-
ing temperature and shows a maximum at approxi-
mately 22.6 K. This fact indicates the establishment of a
long-range magnetic ordering, probably three dimen-
sional in nature due the structural characteristic of
this phase. The thermal evolution of y, follows the
Curie-Weiss law at temperatures higher than 50K. The

0.08

007 fq&

0.06 ; o o®
*
Q +*
° .

calculated Curie and Curie-Weiss constants are
Cm=767cm’K/mol and 6 = —764K. The ymT vs. T
curve decreases over the entire temperature range studied
from 6.14cm?K/mol at room temperature to 0.24cm’K/
mol at 5K. Both the continuous decrease of the y,7T
product and the negative value of the Weiss temperature
indicate the existence of antiferromagnetic interactions in
this compound.

From the magnetic point of view, and taking into
account the molecular field theory for a three-dimensional
antiferromagnetic system [20], in which the susceptibility
in the maximum is, approximately, 2/3 of the value of
the susceptibility extrapolated to 0K, the “J”-exchange
parameter can be estimated from the following expres-
SION, Ymax = (NB*g*/4zJ). For this equation, ymax is the
maximum value of the magnetic susceptibility, N is
Avogadro’s number, f§ is the Bohr magneton, and z is the
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Fig. 6. Thermal evolution of y,, and y,T of Fe)(AsOy)F.

(b)

Fe(1)t

Fe(1)i

Fig. 7. Polyhedral view of the possible magnetic exchange pathways for Fe,(AsOy4)F.
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Table 5
Bond angles (°) for the possible magnetic exchange pathways in
Fez(ASO4)F

Angles Values (°)
Fe(1)"-0(4)-Fe(1) 104.3(2)
Fe(1)-F(2)-Fe(1)" 133.6(5)
Fe(2)-F(1)-Fe(2)* 129.7(5)
Fe(2)"-0(3)-Fe(2)* 102.2(2)
Fe(1)*-O(1)-Fe(2) 112.1(3)
Fe(1)"-0(2)-Fe(2)' 106.3(3)
Fe(1)-F(1)-Fe(2)*! 130.6(6)
Fe(1)-F(1)-Fe(2) 99.7(4)
Fe(1)-F(2)-Fe(2)! 128.4(5)
Fe(1)"—F(2)-Fe(2)*! 97.9(4)
Fe(2)-0(1)-As 130.6(2)
Fe(1)'-O(4)-As 128.6(1)
Fe(2)'-0(2)-As 129.9(1)
Fe(2)*-O(3)-As 124.3(2)
Symmetry codes: 1= x, —y,z+1/2;ii= —x+1, —y, —z+ 1;iil = —x+1/2,
y-1/2, —z+1/2; iv=—x+1, —p-1, —z+1; v=—x+1, —y-1, —z+1;

vi=—x+1/2,—y+1/2, —z;vii = —x+1/2, y+1/2, —z+ 1/2; viii = x, —y,
z=1/2; ix=x, —y, z+1/2; x=x, y-1, z; xi=—-x+1, y, —z+1/2;
xii = —x+1, y-1, —z+1/2.

magnetic coordination number of a lattice site. Considering
g =2.2(1) and z = 5 [20] the “J” value is —1.2K.

Taking into account the average structural features of
this phase, three magnetic exchange pathways can take
place: (i) direct intermetallic interaction between the Fe(II)
cations belonging to the [Fe(1)O4F; 5] and [Fe(2)O4F; 5]
polyhedra, (ii) superexchange pathways between the
iron(II) cations via oxygen and fluorine atoms (Fig. 7a)
and (iii) super-superexchange interactions via arsenate
anions (Fig. 7b). In the first pathway the intermetallic
distances are greater than 3 A, so, this pathway should be
non-effective for the propagation of the magnetic interac-
tions. However, in the second pathway, the deviation of the
bond angles, shown in Table 5, from the orthogonal value
of 90° should be effective in the propagation of anti-
ferromagnetic interactions [21], as observed in the thermal
evolution of the magnetic susceptibility. The latter pathway
should favor the antiferromagnetic interactions, as ob-
served in other related compounds [20].

3. Concluding remarks

A new fluorinated arsenate of iron(II) has been obtained
by hydrothermal synthesis under autogenous pressure,
using homopiperazine as a regulator of pH. The crystal
structure contains chains with two kinds of sequences, A
and B, with a 50% of population, involving alternatively
penta- and hexa-surrounding environments for the iron(II)
cations. The (AsO,)’~ anions are located in the holes
delimited by the chains, with the oxygen anions linked to
the metallic cation. From the diffuse reflectance spectrum,
the D, parameter has been calculated for the iron(II)
cations in distorted octahedral environments. The Moss-
bauer spectrum performed at room temperature has

allowed the values of the isomer shift and quadrupole
splitting to be obtained, which are in good agreement with
those habitually found for iron(II). The compound exhibits
antiferromagnetic interactions with an estimated value for
the “J”-exchange parameter of —1.2K.
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