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A new open framework iron(lll) phosphite with formula (CsHigNs)[Fes(HPOs)s]-3H.0 has been prepared by
hydrothermal synthesis with N-(2-aminoethyl)-1,3-propanediamine as a templating agent. The crystal structure was
solved from single-crystal X-ray diffraction data in the trigonal space group R3. The unit cell parameters are a=
8.803(1) A and c= 25.292(2) A with Z= 3. The complex pillared structure can be described as two interpenetrating
subnets, one organic, [(CsHsN3)-3H,0]**, and one inorganic, [Fes(HPO3)g]*~. In the inorganic subnet, the pillars
are formed by FeOg trimers linked by vertex sharing phosphite groups, while in the cationic subnet the organic
molecules act like pillars. With increasing temperature, the flexibility of the structure allows contraction due to
dehydration followed by thermal expansion before reaching the thermal stability limit. The Dg and Racah parameters
calculated for (CsHigN3)[Fes(HPO3)g]-3H,0 are Dg = 965, B = 1080, and C = 2472 cm~1. Mdsshauer spectroscopy
confirms the trivalent oxidation state of iron cations and the crystallographic multiplicities of their sites. The ESR
spectra show isotropic signals with a g-value of 2.00(1). Specific-heat measurements show a three-dimensional
(A-type) peak at a critical temperature T, = 32 K. The value of the entropy at saturation is 46 J/mol K, very near
the expected value of 44.7 J/mol K for the iron(lll) cations with S = 5/,. Magnetic measurements indicate a three-
dimensional antiferromagnetic ordering below 32 K and a reorientation of spins below 15 K with an incomplete
cancellation of spins due to triangular interactions inherent to the structure.

Introduction but the chemical diversity of related materials includes arsen-
ates® sulfates} germanate$, carbonate§, selenites, and

Open framework inorganieorganic materials are of signif- so forth?

icant interest due to their potential as precursors for micro-
porous materials. The great number of metal cations that can (1) g‘)BF?TGY'HQCgﬁg:{ '\éétgeziggteﬁ3&4?3-0(,?6'2??3&@%\"-r;] iMOO'e,{;I
be used to obtain these compounds makes it possible to have cc. Chem. o1 ‘(o) ch g B S

Acc. Chem Res2001 34, 319. (c) Cheetham, A. K.; Ferey, G;
potential applications in numerous fields, such as catalysis, Loiseau, TAngew. Chem., Int. EA.999 38, 3268. (d) Hagrman, P.
biological systems, and electromagnetic and optical functions.

The phosphate group, (R®, has historically been one of
the most productive oxo-anions for obtaining new structtfres,
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In recent years, the phosphite group, (HPFQ has been
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with N-(2-aminoethyl)-1,3-propanediamine, which exhibits

the source of numerous organically templated structures. Ina complex pillared structure formed by the interpenetration

this oxo-anion, the phosphorus remains in a low oxidation
state,+3, and the group has pyramidal morphology, which
opens the range of possibilities to obtain new structural
species, the versatility of this group allowing it to build either
open or condensed frameworkSince the first organically
templated phosphite was synthesiZatlis family of com-
pounds has grown rapidly, especially those in which the
transition metal cation is zin®.Open framework phosphites
of vanadiumi! manganesé&, cobalt!® iron,** chromium?®
gallium® and even indiuff have been prepared, but they
are still less numerous than those reported with Zn.

As iron phosphates are one of the most important groups

of open framework transition metal compounds, iron was

of two subnets and a complex magnetic behavior.

Experimental Section

Synthesis and Characterization(CsH1gN3)[Fes(HPOs)e] -3H,0O
has been synthesized using mild hydrothermal conditions and
autogenous pressuregP; (12 mmol) and Fe(Sg)s-5H,0 (0.16
mmol) were dissolved in distilled water (20 mL), anld(2-
aminoethyl)-1,3-propanediamine (23 mmol) was added to the
solution while stirring. A 10 mL portion of an organic cosolvent
(butanol) was also added. The pH of the solution was 5. The
solution was sealed in a PTFE-lined steel pressure vessel which,
after 5 days at 170C, was slowly cooled to room temperature.
Colorless crystals were separated by filtering, washed with water
and acetone, and dried in air. The yield of the reaction was

chosen as an ideal candidate in order to obtain NEW approximately 65% based on iron content.

organically templated phosphites with interesting properties.

The density was measured by the flotation method using a

We present in this paper the synthesis, characterization, andnixture of bromoform (BfCH, p = 2.82 gcm~23) and chloroform

physical properties of a new iron(lll) phosphite, templated
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(CIsCH, p = 1.476 gcm™3), obtaining an experimental density,
pexp Of 2.38(4) gecm™3,

Iron and phosphorus contents were measured by inductively
coupled plasma atomic emission spectroscopy (ICP-EAS) while
carbon, nitrogen, and hydrogen contents were measured by
elemental analysis. The obtained values are Fe, 19.7%; P, 22.0%);
C, 7.2%; N, 5.0%; and H, 2.9% (required Fe, 20.4%; P, 22.6%; C,
7.3%; N, 5.1%; and H, 3.6%).

The infrared spectrum of @l1gN3)[Fes(HPOs)e]-3H,O shows
the characteristic bands of the protonated aminoethylpropanediamine
(3020-2850 cn1l), the water molecules (3400, 1600 ¢ty and
the phosphite oxoanion (1050, 985, 630, and 500%¢nA single
P—H stretching band at 2465 crhindicates the presence of a
crystallographically independent phosphite group in the structure.
The positions of the bands of both the organic molecule and
phosphite oxoanion are similar to those reported in the literdture.

Crystal Structure Determination. A single crystal with dimen-
sions 0.05x 0.03 x 0.02 mn? was 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 (Modradia-
tion) equipped with a CCD detector. The diffractometer softiare
was used to make the Lorentz polarization and absorption correc-
tions, taking into account the size and shape of the crystal, as well
as the data reduction. There were 5437 reflections measured during
data collection of which 1104 were unique with Rp; factor of
4.65%. The number of observed reflections withr 20(l) was
808. The structure was solved by direct methods using SHELXS
9720 in the R3 space group. SHELXL $¥was used to refine the
structure by least-squares basedm8nAll the atoms belonging to
the inorganic framework were initially located except the hydrogens
of the phosphite group. Carbon and nitrogen atoms were definitely
assigned while refining the structure. The organic and water
molecules were present in a dynamic disorder that made it
impossible to geometrically place the hydrogen atoms belonging
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New Organically Templated Iron(lll) Phosphite

Table 1. Crystallographic Data for (§18Ns)[Fes(HPOs)g]-3H20

chemical formula (6H18N3)[Fes(HPOs)6]-3H,O
fw, g-mol~® 821.69

space group R3 (No. 148)

a, A 8.803(1)

c, A 25.292(2)

g, deg. 120

v, A3 1697.4(3)

z 3

Pobs Peale G-CM™3 2.38(4), 2.412

T, K 298

radiation,A(Mo Ka), A 0.7107

u (Mo Ka)), mmt 2.430

R[> 20(1)]2 R1=0.0349, wR2-0.0674
R [all data] R*0.0715, wR2-0.0768

AR1 = J||Fol — |[Fcll/YIFol; WR2 = [SW(|Fo| — [Fc)%/Yw|Fo%%2
w = 1/[03Fo|2 + (0.031P)?], whereP = [Max|Fq|2 + 2|F¢|%/3.

Table 2. Selected Bond Distances (A) and Angles (deg)

Bond Distances

Fe(1)Q Octahedron
Fe(1)-0(2) 2.025(2)
Fe(1)-0(2) 2.025(2)
Fe(1)-0(3) 1.999(2) {
Fe(1)-0GY! 1.999) Figure 1. View of th [ f @81N3)[Fes(HPOs)g]-3H:0
Fe(1)Q Octahedron igure 1. View of the complex structure of @l1gN3z)[Fes(HPOs)g]:3H-0.
Fe(2)-0(1) 2.010(2) _ _ _ o
Fe(2)-O(1)ivvvivi 2.010(2) fields, values in the range of linear dependence of magnetization
HPO; Pyramid versus magnetic field, even at 5 K.
P—0(1) 1.526(3) ) )
P—0(2) 1.530(3) Results and Discussion
P-O(3)" 1.526(3) o
P—H 1.20(2) Crystal Structure Description. The structure of (6H;gN3)-
2 Symmetry codes: + —x+y+ 1, —x+ Lz i = —y+ 1x—2 z [Eeg(HROg)s]-SHzo c0n5|st§ of a complex, pillared, three-
il = X4y, X+ 1,ZIV=X—Yy+ 2 x+ Y, —z+ Yy v=—y+ dimensional framework (Figure 1) that can be described as
Lx=y+1z Vi= =X+ 3 =y + U5, —z+ Yg vii =y + Y, —x+y two interpenetrating subnets, one organic and the other
sz Vil = x4 1 -y 41 -z inorganic. The inorganic subnet, P Q;)e]3", is composed

of FeQy octahedra interconnected by phosphite groups,
(HPG;)?~, forming trimeric units where Fe(1) atoms are

located in the extremes and Fe(2) in the middle. This
organization presents a clear resemblance with the NASI-

to them. All the atoms, except the hydrogens of the phosphite group,
were anisotropically refined. The finR-factors were R£ 0.0715

and wR2= 0.0768 for all data. Crystallographic data and selected

bond distances are listed in Tables 1 and 2, respectively. Atomic

coordinates are given as Supporting Information. CON structure® In the same trimer, the linkage between
Physicochemical Characterization TechniquesThe IR spec- (1)@ and Fe(2)@ octahedra is made by three phosphite
trum was recorded using KBr pellets, within the 4800 cntt groups, and the distance between the terminal irons, Fe(1),

region on a Mattson FTIR 1000 spectrometer. Thermogravimetric is 9.55 A. Considering the trimers as pillars, it can be seen
analysis was carried out in a SDC 2960 simultaneous DSC-TGA that each pillar is connected via phosphite groups to another
instrument, under a synthetic air atmosphere, from room temperaturesix (three at each end) forming an open subnet with
to 800°C. Temperature-dependent X-ray diffraction studies were honeycomb-like levels of Fe(1). The organic molecules can
performed in a Philips X'Pert automatic diffractometer (Ca K pe considered as pillars which connect to other six (three at
radiation) equipped with a variable-temperature Anton Paar HTK16 g5ch end) via water molecules and forming another open
Pt stage._The dl_ffuse reflectance spec_trum from 210 to 2000 nm subnet. The organic subnet, {@sNs)-3H,0J%, is structur-
Vh\;lzzs%t;sgesd :2::’13\,.(3:;2?1920\,?,&%';—51i/?@e)ggor?:r;eas;he ally equivalent to the inorganic one. The organic molecules
P g g present rotational disorder around th8 axis. This disorder

o-Fe as reference to evaluate the isomer shift. A Bruker ESP 300 - . .
spectrometer was used to record the ESR spectra between 290 anfaUS€s the splitting of C(1), N(2), and C(3) in three positions

4.2 K. The temperature was stabilized by an Oxford Instrument €ach. N(3) and C(3) occupy the same sites with a statistical
(ITC 4) regulator. Heat capacity measurements were carried out distribution of 50% reducing their occupation factor'te

by a two< relaxation method, using a PPMS-system, with magnetic €ach as they occupy six positions. C(1) has an occupation
fields up b 9 T and temperatures down to 2 K. Magnetic factor of'/s while it is occupying three positions. This effect
measurements on a powdered sample were performed in theproduces various possible configurations of the organic
temperature range-800 K, using a Quantum Design MPMS-7  molecules. Something similar occurs with the water mol-
SQUID magnetometer, under 1000 and 100 G applied magnetic g¢yle’s oxygen, with the consequent splitting in two posi-

(22) Brand, R. A.; Lauer, J.; Herlach, D. M. Phys. F: Met. Physl983 (23) Chakir, M.; Jazouli, A. El.; de Waal, DJater. Res. Bull2003 38,
13, 675. 1773.
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Figure 2. Interpenetration of both inorganic and organic subnets giving rise to the complete structugtl @N{J[Fes(HPOs)e]-3H20.

tions. The pillars in this subnet are formed by the organic v.u.; (PHf*, 3.9 v.u.; O(1), 1.81 v.u.; O(2), 1.78 v.u.; O(3),
cations which link between them by the terminal nitrogens 1.83 v.u., are in good agreement with the oxidation states of
via water molecules by hydrogen bonds, building up the the Fé" and (PH}* groups while the oxygens show a ca.
organic subnet. The length of the organic molecules is 8.44 0.2 deficit caused by hydrogen bond type interactions.
A. As both organic and inorganic subnets are open, the Thermal Behavior. The TG curve shows a rapid mass
interpenetration of one into the other takes place with the loss, 4%, between room temperature and’@0due to the
trimer pillars occupying the hollows of the organic subnet dehydration of the phase. This process continues with the
and vice versa (Figure 2). loss of another 3% of mass, from 90 to 28C, the
The iron atoms occupy two different crystallographic sites temperature after which the TG curve descends more rapidly
with Fe(1)/Fe(2) ratio of 2:1, and the phosphorus is located up a temperature of 708C. The sharp peak at 29 in
in a general site. The Fe(1) links to three O(3) with a bond the DTA curve marks the exothermic process of calcination
distance of 1.999(2) A, and to three O(2) with a bond of the organic molecules. Between 700 and 8G0Qthere is
distance of 2.025(2) A. The cis-€Fe(1)-O angles range  a mass gain from 76% to 77% due to oxidation processes to
from 88.81(9} to 90.89(9j, and the trans angles are form the high-temperature residual phases.
178.4(1). The Fe(2) links to six O(1) with a bond distance Temperature-dependent X-ray diffraction patterns show
of 2.010(2) A. The coordination polyhedron of Fe(2) has that the thermal stability limit of (§H:sN3)[Fe(HPOy)g]-3H,0
cis O—Fe—-0 angles between 87.63(®nd 92.37(9) while is 270°C, the temperature at which the structure starts to
the trans angles are 180he bond distances of the phosphite collapse due to the calcination of the organic molecule. A
group are between 1.527(2) and 1.530(2) A fer@bonds, closer look at the diffraction patterns (Figure 3) reveals a
and are 1.17(3) A for the PH bond. The angles of this  thermal evolution of the cell parameters with a volume
anionic group vary between 110.1{1and 112.1(2) for reduction of, approximately, 50 3between room temper-
O—P-0, and between 104(2pnd 112(2) for O—P—H. ature and 100C due to the dehydration of the compound.
Distortion calculations were made for the Fe coordination From 100°C the cell volume starts to increase reaching a
polyhedra compared to the ideal geometries of polyhedramaximum gain of 15 Aat 270°C. This thermal expansion
with coordination number 6 (octahedron and trigonal prism), is possible because of the flexibility of the structure.
using the model proposed by Muetterties and Guggen- UV -—Vis and Mtssbauer Spectroscopiesn the diffuse
berger?* In this model, real and ideal polyhedra are compared reflectance spectrum of §81gN3)[Fes(HPOs)g]-3H:0 (see
by evaluating their dihedral angles. The results confirmed Supporting Information), characteristic bands belonging to
the high regularity of both Fe(1)and Fe(2)@ octahedra Fe* are present. These bands correspond to the forbidden
with distortions of 7.7% and 1.4%, respectively. Brown and transitions of a & high spin configuration cation from the
Altermatt’s bond valence calculatiofisin which an ion’s ground level®A;14(°S) to the excited*T.4(*G) [780 nm];
valence is estimated from the bond distances, were madeT,y(*G) [565 nm];*A1(*G), “Eg(*G) [430 nm] and*T,¢(*D)
using the formula= exp|[(ro — r)/B] wherer, (1.79 A) and [380 nm] levels. The RacalB = 1080 cm?!, C = 2472
B (0.37 A) are empirical values reported in the literatfre  cm-2, andDq = 965 cn1?, parameters have been calculated,
andr is the experimental bond distance. As there are no showing minimal covalent character since tBevalue is
tabulated bond distances for phosphorus in oxidation stateapproximately 94% of that corresponding to the free ion
+3, (PHY" groups have been considered usipg= 1.626 (1150 cm'Y).28
A andB = 0.37 A% The results, Fe(1), 3.0 v.u.; Fe(2), 3.04  The Massbauer spectrum of {8:gNs)[Fes(HPOy)e]-3H;0
(Figure 4) shows, in the paramagnetic region, 300 K to,
approximately, 35 K, a signal composed of two symmetric

(24) Muetterties, E. L.; Guggenberger, L.JJ.Am. Chem. Sod 974 96,

1748.
(25) Brown, I. D.; Altermatt, D Acta Crystallogr 1985 B41, 244.
(26) Brese, N. E.; O'Keeffe, MActa Crystallogr 1991 B47, 192. (28) Lever, A. B. PInorganic Electronic Spectroscopilsevier Science
(27) Loub, J.Acta Crystallogr 1991, B47, 468. Publishers B. V.. Amsterdam, Netherlands, 1984.
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* Fey(P209)3

# Feale(P204)

Fey(P207)3
720°C

Feale(P20q)2

100°C <€

100°C <€
g (CsHgN3)
o [Fes(HPOs3)6)
3H,O
- o
100°C <€~ R 100

Figure 3. Temperature-dependent X-ray diffraction patterns showing thermal stability limit and the cell volume variation with temperature.

doublets corresponding to the iron cations, characteristic of of the practically equal magnetic moments corresponding to
purely electrostatic interactions. The values of isomer shift the Fe(1)@ and Fe(2)@ crystallographically independent
[0.39(1), 0.53(1) mm$ for Fe(1) and Fe(2), respectively] sublattices.

and quadrupolar splitting [0.24(1) mnrisfor both Fe(1) ESR Spectroscopy.The ESR spectra performed at the
and Fe(2)] are typical of Fe(lll) ions in highly symmetric X-band on a powdered sample exhibit isotropic signals
octahedral coordinatioff.The 2:1 ratio of the spectral areas centered at 3370 G (Figure 5). The valuegof 2.00(1) is
corresponding to Fe(1) and Fe(2), respectively, were fixed in good agreement with the presence of*'Féons in

to this ratio before the fit of the spectra and agree well with octahedral coordinatioi. Thermal dependence of both line
the crystallographic multiplicities of their positions. width and intensity show a slight increase between 290 and

In the magnetic ordered region, approximate|y from 30 110 K, the temperature below which the increase is more
to 12 K, the Msbauer signals corresponding to the rapid due to a spin correlation in the case of the thermal
crystallographically independent Fe(k)@nd Fe(2)@ sub- evolution of the line widtt#? Both intensity and line width
lattices are split in two sextuplets due to the Zeeman effect. 'éach a maximum at 40 K and a minimuizeK from which
The hyperfine field values below 35 K show differences they slightly increase again, probably due to an effect of the
between those corresponding to Fe(1) and Fe(2) sites ancfignal integration. The presence of a maximum and a
increase with decreasing temperature from 22.54(2) andMinimum in the thermal evolution of the intensity and the
33.19(3) T for Fe(1) and Fe(2) sites, respectively, up to line width can be caused by a spin canting or some klnd_ of
38.16(1) and 45.45(1) T for Fe(1) and Fe(2) sites, respec_decompensatlon of the antiferromagneticaly aligned spins.
tively, at 16 K. This result could be attributed to the existence ~ Specific Heat. The specific-heat data collected between
in this temperature range of some ferromagnetic contribution 1.8 and 300 K are shown in Figure 6. The Cp curve shows
originated by a spin canting phenomenon (see Magnetic @ Small peakA-type) at, approximately, 30 K, that indicates
Behavior subsection). Below 16 K, the hyperfine field the establishment of a magnetic ordering at this temperature.
parameters are practically equal, 47.86(1) and 48.26(1) T At lower temperatures, we can notice anothgr Weak_qnd broad
for Fe(1) and Fe(2), respectively, and at 12 K both contribu- P€aK at about 10 K. Above the magnetic transition, the
tions almost overlap, as is observed in Figure 4. These resultscontinuous increase of the specific heat with increasing
are in good agreement with an antiferromagnetic orientation

(30) Bencini, A.; Gatteschi, CEPR of exchange Coupled Syste8inger-
Verlag: Berlin, 1990.
(29) Menil, F.J. Phys. Chem. Solids985 46, 763. (31) Richards, P. M.; Salamon, M. Bhys. Re. B 1974 1, 32.
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Figure 4. Mossbauer spectra from room temperature to 12 K.
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Figure 5. ESR signals for (6HigN3)[Fes(HPGs)g]-3H0O at different
temperatures.
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Figure 6. Thermal evolution of Cp and fit of the phononic contribution.

temperature is due to the lattice contribution §(gp The
experimental data does not show saturation, probably due
to the presence of light atoms such as the hydrogen ones in
this phase, with very high excitation energy. This causes, at
300 K, the Cp value to be 775 J/mol K, smaller than the
expected 1700 J/mol K, considering the Dulong and Petit
law.32 To estimate Cp,, the specific-heat data have been
fitted to the Debye model, considering the existence of three
different phonon spectra. In this way, if the number of atoms
in the unit cell isn, we supposen; atoms with a Debye
temperature);, n, atoms with a Debye temperatufig, and
finally n3 = 68 — n; — n, atoms with a Debye temperature
05, the total number of atoms in the chemical formula of the
compound being 68. Taking into account that the hydrogen
atoms are lighter than the other atoms in the compoond,
has been fixed as 30. So, in eq 1 there are four free
parameters.

Cpho(T): 3cnpho(eDl) + nchho(eDZ) +
(68— 30— nZ)Cpho(9D3) (1)

(32) Cheetham, A. K.; Day, FSolid State Chemistry. Techniqu&xford
University Press: Oxford, 1991.
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Figure 8. Specific-heat magnetic data under different magnetic fields. The inset shows the valligg bétween 1 and 5 T.

where 4 125
4 12 ]
Cond0) = 9R(0l)3 2 Xed J% i &
D 0 (eX - 1) or .°o [
~ F b »
The best fitting above the temperature of fhgype peak, EI Rl
shown in Figure 7 as a solid line, is obtained fré = "g e o."’; i
3211 K,n; = 30; Op2 = 996 K, n, = 24.3; andfpz = 272 LOFE ok 1w §
K, ng = 13.7. Ho -
The magnetic contribution was calculated as,gp= Cp LI 1.
— Cpono (Figure 7). In this figure a clear maximum at 30.7 :F 1
K is observed. This indicates the existence of a three- S VRN XX
dimensional magnetic ordering around this temperature. The °C.. mogoeseccp 0 90 0 g oo peesepeee e
50 100 150 200 250 T(K)3OO

ordering temperature is defined by the inflection point of Hermal 1 and ) A

; ; ; — Figure 9. Thermal variation ofym andymT at 1000 G. Inset a shows the
CmaQ(T) aboye the ma>§|mum', in this cade = 32 K. The magnetic susceptibilityym, at 100m0 and rIOO G, and irreversibility of ZFC
value ofCragin the maximum is 44 J/mol K that corresponds  and FC curves. Inset b shows the magnetizath (ersus applied field
to 14.7 J/mol K per iron atom. For temperatures below 32 (H) at 5 K.
K, we can observe an accident at 15 K, together with a weak{nat the magnetic field does not eliminate theéype peak
and broad maximum at, approximately, 10 K. These ir- 1yt this is to round off, and it is displaced at higher
regularities in the thermal variation of Cp can be due to some (g mperatures. This behavior is a characteristic of a ferro-
change in the magnetic structure, probably due to & spinyagnetic transition, probably due to a spin canting phenom-

reorientation. o ~ enon® The broad maximum of th€,,;versusT curve at 8
The magnetic contributions of Cp for all the magnetic
fields applied have been calculated (Figure 8). We can see(33) Rawat, A.; Das, IPhys. Re. B 2001, 64, 52407.
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K is affected below 15 K. In this region, the values@fag to 30 K, where it reaches a minimum. At this point, it shows
decrease whereas the magnetic field increases. However, ira sudden increase reaching a maximum at 20 K. Zero field
the lowest temperature region, the evolution between 1 andcooling and field cooling magnetic susceptibilities, measured
5 T is the opposite Cragincreases with increasing magnetic - under applied fields of 1000 and 100 G, show irreversibility
field, see inset of Figure 8. This behavior indicates that in below 32 K. Measurements performed under an applied field
this region the magnetic field transfers entropy from high to of 100 G show higher susceptibility values than those under
low temperatures, which is a characteristic of antiferromag- 1000 G (see inset a in Figure 9). This effect is due to the
netic interaction$? system of antiferromagnetic interactions over the whole

The entropy was calculated at different magnetic fields temperature range where the sudden increase ofythe
(see Supporting Information). At zero field, we notice a curve is caused by a weak ferromagnetism phenomenon.
positive curvature up to, approximately, 10 K, with a Hysteresis observed in magnetization versus magnetic field
practically linear increase up b, a temperature at which measurementst® K (see inset b in Figure 9) corroborates
the entropy takes negative curvature and maintains it at aa ferromagnetic component at this temperature, with values
constant. The value at saturation is 46 J/mol K, very close of remnant magnetization and coercitive field of 1090
to the expected value (44.7 J/mol K) for three iron(lll) cations emumol™ and 12 G, respectively, in a predominantly
with S= 5,. At the ordering temperature, the entropy is 40 antiferromagnetic system. The magnetization value at highest
J/mol K, which corresponds to the 80% of the maximum of field of 36500 ememol ™2, significantly lower than the value
the entropy of the system. This result indicates that the effectsfor three iron(lll) cations present in the formula of 83785
of short range order abovie are smalf® The magnetic field emumol?, is further evidence for antiferromagnetic order.
moves the entropy toward higher temperatures, maintaining The remnant magnetization versus temperature measure-
the saturation value. This result is associated with ferromag-ment shows two transition temperatures of 30 and 16 K,
netic interactiong® However, the displacement in opposite which correspond to a three-dimensional magnetic ordering
directions in the region of low temperatures at fields lower and to a possible spin reorientation, respectively, in good
than 5 T means that the predominant interactions in this agreement with the specific heat results.
region are antiferromagnetic in natufe.

Magnetic Behavior. Magnetic measurements were per-
formed from room temperature 6 K on apowdered sample.
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