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Schiff-base polymers were synthesized by the reaction of 2,6-pyridinedicarbaldehyde with 1,4-butane-, 1,6-
hexane-, 1,8-octane-, and 1,12-dodecanediamine. Each of the polymers, when combined with iron(II) sulfate or
iron(II) chloride, exhibited anomalously large magnetization and a nonlinear relation of the magnetization
curve at room temperature. These iron-containing solids were found to be amorphous and, hence, the local
structures around the iron atoms in the compounds were determined by the measurements of Fe K-edge X-ray
absorption spectra. It was found that the iron atoms were each surrounded by six nitrogen atoms with the almost
equivalent distance of 1.93+0.02A. This was consistent with a possible geometry in which the tridentate ligand
moieties of the polymers were coordinated with the iron atoms in a ratio 2: 1. It was also found from the results
of X-ray photoelectron and M&ssbauer spectroscopies that the iron atoms in the solid obtained from the reaction
between poly(2,6-pyridinediylmethylidynenitrilohexamethylenenitrilomethylidyne) and iron(1I) sulfate were in
two valence states consisted of the high spin (S=5/2) irons(11I) which were responsible for the observed magnet-
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ism and the low-spin (S=0) irons(II) which gave no contribution to the magnetism.

It is of great interest to study the magnetsm due
to the transition-metal ions coordinated with organic
ligands, because there are several organometallic
compounds exhibiting ferromagnetic behavior: Bis-
(diethyldithiocarbamato)iron(III) chloride, Tc¢=4.5 K;!-2
bis(diethyldithiocarbamato)iron(IlI) bromide, Tc¢=
1.52 K;® and manganese(Il) phthalocyanine, Tc¢=
8.6 K,*'® where Tc is the Curie temperature. Since the
magnetic interactions among metal ions are expected
to be controlled by varying the structure of ligands,
the length of the repeating unit of polymer chains and
the kind of metal ions, there may be a possibility of
finding ferromagnetic organometallic compounds with a
higher Te.

Previously, we have shown that, when the organic
polymer poly(2,6-pyridinediylmethylidynenitrilohex-
amethylenenitrilomethylidyne) (CisHi7N3), is com-
bined with iron(II) sulfate, a solid (abbreviated as 6-
SOy4) of which the chemical composition is approximate-
ly [Fe(C13H17N3)2]SO4 - 6H20 is obtained.®:? This solid
shows an anomalously large magnetization over the
whole temperature range from 1.9 to 300 K and S-
shaped magnetization curves below about 50 K.? In
order to obtain a further insight into this magnetism,
we have synthesized new compounds in which the
structure of the ligand moiety and the length of the
methylene chain of the polymer are varied systematical-
ly from 6-SQO4. In addition, since all the iron-contain-
ing solids obtained have been found to be amorphous,
we have measured X-ray absorption spectra in order
to determine the local structure around the iron atoms
in the solids. Furthermore, to reveal the valence and
spin states of the iron ions in the solids, we have ex-
amined the X-ray photoelectron and 5"Fe Mossbauer
spectra of 6-SO4 and found that the iron 1ons in this
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Fig. 1. Molecular structure of polymeric (a) and
monomeric (b) ligands.

solid contribute only parually to the magnetism.

The present paper describes the applied field
dependence of the magnetization of the iron-containing
solids, the bond length and the coordination number
around the iron atoms as well as their valences and spin
states. 'The magnetic behavior of the solids will be
discussed in relation to the structural and electronic
properties derived from the results of X-ray absorp-
tion, X-ray photoelectron, and 5"Fe Mdssbauer spec-
troscopies.

Experimental

The polymers shown in Fig. 1(a) were synthesized by the
reaction of 2,6-pyridinedicarbaldehyde with 1,4-butanc-, 1,6-
hexane-, 1,8-octane-, and 1,12-dodecanediamine as described
in the literature® and are abbreviated, respectively, as 4, 6, 8,
and 12, according to the number of methylene groups, n. The
obtained polymers were white powders and had a tendency
to become fibrous upon increasing the length, n, of the
methylene chain. When the polymers were treated with
iron(I1) sulfate or iron(Il) chloride in an aqueous solution
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under a nitrogen stream, dark-violet solids were obtained.
The solids were filtered off and dried over diphosphorus
pentaoxide and sodium hydroxide in a vacuum desiccator.
The solids are given abbreviated names: For instance, 4-SO4
and 8-Clz denote, respectively, solids prepared by combin-
ing polymer 4 with iron(II) sulfate and polymer 8 with
iron(II) chloride. Typical results for elemental analyses are
as follows; Found: C, 45.31; H, 6.57; N, 12.55; S, 5.49; Fe,
8.52%; Calcd for [{Fe(CiaH17N3)2}(SO4)1.15-5H20], (6-SO4):
C, 45.46; H, 6.46; N, 12.33; S, 5.37; Fe, 8.13%. Found: C,
50.40; H, 7.13; N, 11.92; Cl, 12.22; Fe, 7.81%; Calcd for
[{Fe(CisH21N3)2Cl245H20],(8-Clz): C, 50.21; H, 7.30; N,
11.71; Cl, 11.86; Fe, 7.78%. The water content varied to a
small extent from sample to sample and the molar ratio
ol the sulfate or chloride ions was a little larger than the
stoichiometry expected for bivalent iron ions. The latter
modification of the chemical composition will be discussed
below in relation to the valence state of the iron atoms.

As a reference compound for X-ray absorption measure-
ments, two iron(II) complexes of the ligands shown in Fig.
1(b) were prepared and two ferrites y-Fe2O3 (maghemite) and
FesQ4 (magnetite) were freshly prepared and identified by
means of powder X-ray diffraction. The two complexes,
[2,6-bis(benzyliminomethylene)pyridineliron(II)  bromide
and [2,6-bis(methyliminomethylene)pyridinejiron(11) iodide,
are abbreviated as PBA-FeBrz and PMA-Felq, respectively.

Fe K-edge X-ray absorption spectra were measured on
powder samples sandwiched between adhesive tapes by
using the EXAFS facilites installed at the beam-line 10B in
Photon Factory. Extended X-ray absorption fine structure
(EXAFS) oscillations were extracted by removing a cubic
spline background with four sections. Bond distances and
coordination numbers were determined by a single-shell
curve-fiting analysis with the theoretically evaluated phase
shifts.8-10

The infrared spectra were measured with a Perkin-Elmer
PE684 infrared spectrometer. X-Ray photoelectron spectra
were measured with a McPherson ESCA36 electron spectrom-
eter by employing MgKa (1253.6 eV) as the stimulating
radiation. The X-ray photoelectron spectra were measured
on a powder sample mounted onto an aluminum plate using
a double-sided adhesive tape. The binding energies of
photoelectron peaks were calibrated against that of the
Au 472 peak (83.8 ¢V) of a thin gold film evaporated onto
a sample surface in the spectrometer.

Mdssbauer spectra were measured with a Shimazu MEG-2
Méssbauer spectrometer on powder samples at 77 and 300 K.
Isomer shifts, quadrupole splittings and internal fields were
calibrated against the six hyperfine splitting peaks of an iron
metal separately measured as a reference.

The magnetization was measured with a Faraday-type
susceptometer constructed in combination with a JEOL
electromagnet and a Cahn 2000 electromicrobalance in the
field range 0.1—0.4 T at room temperature.

Local Structure around the Iron Atoms

It is difficult to determine the molecular structure
of these iron-containing solids by means of X-ray dif-
fraction because they are found to be amorphous.
Therefore, we have attempted to determine particular-
ly the molecular structure around the iron atoms which
are responsible for the magnetism, using X-ray absorp-
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Fig. 2. First derivative du/dE curves of XANES spec-
tra of an iron foil, ferrites the iron-containing
solids, and the iron(II) complexes, where E is the
photon energy and Ej is the photon energy at the first
maximum for the iron foil. The substances are given
in abbreviated names (see the text).

tion spectroscopy. Figure 2 shows the first derivative
curves of the Fe K X-ray absorption near-edge struc-
ture (XANES) spectra of the solids, an iron foil, the
two ferrites, and the monomeric iron(II) complexes.
The spectra of the solids resemble those of monomeric
complexes; this indicates that the local structures of
iron-containing solids and the complexes are similar
to each other. On the other hand, structures denoted
by B or C split into two peaks in the spectra of the fer-
rites. Structure A, appearing in the pre-edge region, is
attributed to quadrupolar-allowed 1s—3d transi-
tions.!? Its relative intensity is known to be weak for
six-coordinated iron compounds, whereas it is strong
for four-coordinated iron compounds.!? The relative
intensities of structure A of the iron-containing solids
and complexes are similarly weaker than those of
ferrites having four- and six-coordinated iron sites.
Therefore, taking the chemical structure of the ligands
into account, we could suggest that the iron atoms in
the solids as well as those in the complexes are sur-
rounded by six nitrogen atoms.

Figure 3 shows a comparison among the EXAFS
oscillations of iron, maghemite 7y-Fe;Os, the iron-
containing solids 6-SO4 and 6-Clz, and the complex
PBA-FeBra. It can be clearly seen that the EXAFS
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Fig. 3. EXAFS oscillations k3y(k) of the iron-con-
taining solids and the iron(II) complexes.

oscillations of the solids are nearly identical to those of
the complex, while they are very different from those of
iron and maghemite. This behavior is quite similar to
that observed in XANES spectra.

The Fourier transforms of the EXAFS oscillations,
k3x(k) are shown in Fig. 4. The transforms for the
iron-containing solids also resemble those for the
complexes. The most prominent peak for the solids is
located at about 1.5 A (phase shift has not yet been
corrected) and is coincident with the peak position
for the complexes. This indicates that the peak cor-
responds to Fe-N bonds. From the chemical structure
of the ligands, the peak at 2.5—3 A could be due to
Fe-C bonds.

We carried out a least-squares curve-fitting analysis
by making a back-Fourier transformation of the region
around the most prominent peak since it was difficult
to construct reasonable structural models for second-
and third-nearest neighbor atoms. The obtained bond
distances are summarized in Table 1. The bond dis-
tances of the iron-containing solids are very similar
to each other and are equal to those of the reference
complexes within the experimental errors. Since the
Fe-N bond distances in the six-nitrogen coordinated
iron(II) complexes with ligands of similar molecular
structure are known to be 1.9—2.0 A,13.19 the bond
distance of 1.9340.02 A obtained for the iron-con-
taining solids and the reference complexes are quite
consistent with the Fe-N bond formation as expected
from the molecular structure of the ligand moieties of
the polymers.

The coordination number was shown to be aboutsix
for the reference complexes, although the estimated
errors are somewhat large. This indicates that the
present analysis which utilizes theoretical values of the
phase shift instead of the experimental values is not
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Fig. 4. Fourier transforms of EXAFS oscillations
of the iron-containing solids and the iron(Il)

complexes.

Table 1.

Analysis of Fe K-edge EXAFS

The Fe-N bond Distance R and the
Coordination Number N Derived from the

Compound R/A N
(£0.02) (£1.0)

Monomer

PBA-FeBr: 1.93 5.9

PMA-Fel, 1.90 5.8
Polymer

4-SO4 1.93 6.0

6-SO4 1.94 5.3

8-SOy4 1.93 6.0

4-Cl; 1.94 5.1

6-Clz 1.92 4.8

8-Cl; 1.93 4.5

unreasonable for a determination of the coordination
numbers for the compounds studied here. As shown
in Table 1, the coordination numbers for the iron-
containing SOs-solids were found to be in the range
from five to six. Although those for the Clz-solids are
in the vicinity of five, these values seem to be under-
estimated to some extent in view of the similarity of
the XANES and EXAFS spectra observed with all the
solids and with the reference complexes. Therefore, it
may be reasonable to conclude that the coordination
numbers for these solids are six.

The above conclusion is further supported by the
following fact. We have synthesized a polymer by
reacting 1,6-hexanediamine with 1,3-benzenedicarbal-
dehyde instead of 2,6-pyridinedicarbaldehyde. This
polymer is obtained as transparent soft lumps. We have
tried to make a chelate compound of this polymer with
iron(II) sulfate and chloride, but it turns out that the
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Fig. 5. Molar magnetization M of the iron-

containing solids as a function of applied field
strength B at room temperature.

polymer does not react with either sulfate or chloride.
This implies that the tridentate structure of the ligand
moiety 1s necessary for the polymer to form a chelate
compound like 6-SOy; that is, the coordination number
for the solids is six rather than four.

From the results mentioned above, it is concluded
that the iron atoms in the solids are each surrounded by
six nitrogen atoms with an almost equal distance of
1.93£0.02 A, as observed for the iron(II) complexes in
which one iron(Il) 1on is coordinated with two
wridentate ligands. This conclusion is consistent with
the 1:2 stoichiometry of Fe and the repeating units of
the polymeric ligands determined by an elemental
analysis. Itis to be noted, at least from the results of X-
ray absorption spectra, that there is no evidence for the
presence of ferrite or metallic iron which would cause
the ferromagnetism.

Effect of Chemical Modification of
Polymers on the Magnetism

Since a magnetic interaction among the transi-
tion metal atoms is expected to be influenced by the
chemical environment, particulary by the interatomic
distances, we have examined the effect of chemical
modifications of the length of the methylene chain
and/or the anion on the magneusm of the iron-
containing solids by comparing the magnetization
curves at room temperature.

The length of the methylene chain does not
qualitatively affect the magnetism. As shown in Fig.
5, all the iron-containing solids obtained by reacting
polymers 4, 6, 8, and 12 with iron(II) sulfate and
iron(II) chloride exhibit magnetization curves similar
to those of 6-SOy, i.e., a nonlinear relation to an ap-
plied field with a large magnetization, while the mag-
netization iends to decrease upon increasing the
length, n, of the methylene chain. This indicates that
only the tridentate structure is related to the large mag-
netization and its nonlinear relationship to the ap-
plied field.

The anions, sulfate and chloride, do not affect the
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Table 2. Molar Magnetization M/Am2mol-! at 04T
and at 295K of the Iron-Containing Solids Obtained
by Reaction of the Polymers with Fel'SO4 or
Fe''Cl; (1 A M2mol-1=103 Oe emu mol-1)

Anion
Polymer SO~ e
4 1.3 +£0.2 1.2 £0.2
6 1.0 £0.3 0.8 +0.2
8 0.37£0.04 0.1410.04
12 0.3110.04 —
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Fig. 6. Infrared spectra of 6, 6-SO4, and 6-Clz. The

thick lines indicates the absorption bands assigned
to the vibrational modes of the hexamethylene
group of the polymer and the thin lines indicate
those due to the tridentate moiety of the polymer.
The vibrational modes of HoO and those of SO42-
ion are also indicated. Similar results were obtain-
ed for the other polymers.

magnetic behavior. Table 2 summarizes the molar
magnetization of the iron-containing solids at 0.4 T.
There seems to be a tendency to decrease the magne-
tization with a substitution of sulfate for a chloride ion.
However, the magnitude of the magnetization still
remains on the same order. The infrared spectra indi-
cates that sulfate anions are only weakly or indirect-
ly bound to the iron atoms. As shown in Fig. 6, the
infrared spectrum of 6-SO4 exhibits the four bands
attributable to sulfate ions at about 1100 cm™1 (w3)
and at 610 cm™! (vy) which are relauvely strong in
intensity and at 960 cm™! (v1) and at 430 cm™! (vg)
which are very weak. Quite similar results have been
obtained for all the solids containing sulfate ions.
Since a free sulfate ion has a Ty symmetry, only a
stretching mode (v3) and a bending mode (v4) are
allowed for dipole transitions. This selection rule may
be relaxed upon complex formation and the »; and ve
modes appear with intensity, depending on the nature
of the bonds formed. Simultaneously, each of bands
due to v3 and v4 modes splits into two or three bands
according to the occurrence of a symmetry lowering.
The spectral feature observed is, therefore, character-
istics of a sulfate ion that is very weakly bound to a
metal ion.1® On the other hand, a similar discussion
may not be possible for monoatomic chloride anions.
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Fig. 7. Fe2p photoelectron spectrum of 6-SQ4. Back-
ground is subtracted. The peak positions are indi-
cated by arrows. Vertical lines represent the Fe2p
peak position in metallic iron.

However, as shown in Fig. 6, a close similarity of the
infrared spectra due to tridentate moieties would ex-
clude a strong coordination of the chloride ion with
the iron. Therefore, the sulfate and chloride anions
in the iron-containing solids are almost isolated from
iron ions and, consequently, they do not affect the
magnetism.

Valence and Spin States of the Iron Atoms

Since it is important to know the valence state
of the iron species in the iron-containing solids in
order to discuss their magnetic behavior, we have
measured the X-ray photoelectron spectra of 6 and
6-SO4. Figure 7 shows the X-ray photoelectron spec-
trum of 6-SO4 in the Fe2p region. The signal-to-
noise ratio is not very good since the atomic fraction
of the iron in 6-SOj4 is only one-ninetieth. However,
two peaks can be recognized in the Fe2ps;s region;
also, there seem to be two peaks in the Fe2p,, region.
The binding energies are listed in Table 3. The bind-
ing energies of all the peaks observed shift to the
higher-energy side from those of metallic iron (Fig. 7).
This suggests that the iron atoms are ionized in 6-SOys.

The lower energy side peak in the Fe2ps region is:

attributed to iron(Il) since its bindigng energy is
close to that of tris(2,2’-bipyridine)iron(II) sulfate!®
where the iron(II) ion is associated with the six nitro-
gen atoms and the SO42- ion is separated from the
iron(II) ion in good agreement to that of 6-SO4. The
binding energy of the higher energy side peak is located
between the binding energies!® of (NHa)s[Fe'Fg] and
tris(8-quinolinolato)iron(I1Il), which are six-coordinate
iron(IIl) complexes. Therefore, this peak can be as-
cribed to iron(III).

It is known that the photoelectron peaks of mag-
netic transition-metal compounds often accompany
strong satellites at positions with binding energies
higher by 4 to 6 eV.1® The energy difference between
the two peaks attributed to iron(II) and iron(III)is only
3 eV. Therefore, the high energy peak can not be
regarded as a satellite of the low-energy peak. In
addition, the results of M&ssbauer measurements de-
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Table 3. Binding Energies of the Fe2p
and Nls Core Electron Peaks in eV

Compound Fe2pye Fe2pse Nls (fwhm)
6 399.3 (1.6)
6-SO4 726 712.4 399.7 (2.3)

723 709.5
Fe-metal 720 706.9%
FellSO4- 7TH:0 723" 710.5%
[Fe™(bpy)s]SO4° 721.6% 709.2%
[Fe(oxinat)3]® 711.5%
(NHy)s[Fe!l'Fq] 713.8%

a) Ref. 16. b) Ref. 17. c¢) Tris(2,2’-bipyridine)iron(II)
sulfate. d) Tris(8-quinolinolato)iron(III).

scribed below also suggest the presence of iron(III). Thus,
it is quite reasonable to attribute the high-energy peak
to iron(III). ‘

Therefore, the irons in 6-SO4 are in the valence states
of iron(II) and iron(III). 6-SO4 has been prepared by
reacting 6 with iron(II) sulfate under a nitrogen stream
to prevent the oxidation of the bivalent iron. It should
be noted that 6-SO4 can not be obtained by a reaction
between 6 and iron(III) sulfate. Therefore, the partial
oxidation seems to occur after the iron(II) has been
included in the polymer chains.

The presence of two valence states explains the
nonstoichiometry of the sulfate ion in 6-SOj4 described
in the experimental section. It follows from the ratio
of observed intensities of the peaks that about 70% of
the iron ions is in the bivalent state and about 30% is
in the tervalent state. To keep charge neutrality of 6-
SOq4, the chemical composition of the relevant part is
written as (Fe'SO4)o7[Fe(SO4)15105=Fe(SOs)115. This
composition agrees well with that obtained by an
elemental analysis.

The N1s photoelectron spectra (not shown) of 6 and
6-SO; exhibit a single peak without satellite. The
binding energy shifts to the higher energy in 6-SOs.
This energy shift implies that the formal charges on
the nitrogen atoms become more positive in 6-SO4
than in 6. This is consistent with the coordination of
the iron with nitrogen. In addition, the full-width at
half-maximum (fwhm) of the Nls peak is 1.6 eV for 6
and 2.3 eV for 6-SO4. The line broadening observed
in the latter compounds would be related to the differ-
ence in the chemical nature of the nitrogen atoms which
are coordinated with the iron.

The results discussed above clearly indicate that the
irons in 6-SO4 are in the two valence states consisting of
iron(II) and iron(III). Since no evidence has been found
for the presence of a magnetic moment on the organic
species in 6-SOs, it is natural to consider that the
magnetic moment in 6-SOy is associated with the iron
ions.

Figure 8 shows the 5’Fe Mdssbauer spectrum of
6-SO4 at 77 K. It is found from a Lorentzian least-
squares curve fitting analysis that the experimental
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Fig. 8. Mdssbauer spectrum of 6-SO4 at 77K. Ex-

perimental points are shown by closed circles and
the results of a Lorentzian least-squares fit is indi-
cated by the solid line. The spectrum is composed
of two subspectra denoted A and B. Stick diagrams
indicate the peak positions of each subspectrum
obtained by the analysis.

spectrum can well be reproduced by superimposing the
subspectrum A which consists of six peaks of hyperfine
splitting due to an internal field and the subspectrum B
which consists of two peaks of quadrupole splitting.
The absorption intensity of the Mdssbauer spectra is
markedly reduced at 300 K, probably due to areduction
of the recoil-free fraction. However, subspectra A and
B still remain. The obtained parameters of the isomer
shift 8, quadrupole splitting AEg, and internal field
Hi at 77 and 300 K are summarized in Table 4.

The subspectrum B can be attributed to the low-spin
iron(II). The high-spin state (S=2) and the low-spin
state (S=0) are possible for six-coordinate iron(II). The
former possibility could be excluded on the basis of the
values of the isomer shift. The isomer shift is known
to be larger than 0.7 mms~1 for a high-spin iron(II).
Therefore, the iron(II) ions present in 6-SO4 have been
concluded to be in a low-spin state. The iron(II) ions
have no unpaired electrons in the low-spin state and,
hence, does not cause an internal field. Therefore,
subspectrum B should correspond to the low-spin
iron(II). The quadrupole splitting of 0.96 mm s~! ob-
tained for the subspectrum B indicates the presence
of an electric-field gradient induced by distortion from
the octahedral symmetry, as is usually observed in low-
spin iron(II) complexes with nitrogen donor ligands.1?

On the other hand, the subspectrum A would be
attributed to the high-spin state of iron(III). The pres-
ence of a hyperfine splitting in this subspectrum
clearly indicates that the iron ion species have un-
paired electrons. As discussed above, the possibility of
high-spin iron(II) has already been eliminated. The
remaining possibilities are, therefore, high-spin (S=
5/2) and low-spin (S=1/2) iron(III). These are not
distinguishable from a difference in the isomer shift
since the isomer shift is known to be comparable for
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Table 4. Isomer Shift 8 (relative to iron-metal film),
Electric-Quadrupole Splittings AE,, and Internal
Field H; Obtained from the Analysis of the
Mgssbauer Spectrum of 6-SO4 by the
Lorentzian Least-Squares

Curve Fitting

77K 300K
Subspectrum A (Fedt)
6/mms! 0.46 0.46
AEq/mms—! —0.016 0
H;/T 50.510.5 4612
Subspectrum B (Fe2+)
6/mms™?! 0.27 0.27
AE,/mms—1 0.96 0.96

both states.’® However, the internal field of 50.5+0.5
T is comparable with that of Fes042? and -y-FeaO32V
where iron(IIl) ions are in the high-spin state. In
addition, this value is in good agreement with the
internal field of 55 T expected for the |Ms|=5/2 state
from the empirical relation for iron(III) ions in
corundum, H=22<S,>.22 Therefore, the assignment
of the subspectrum A to the high-spin iron(III) is quite
reasonable.

The fact that the quadrupole splitting observed for
the subspectrum A is very close to zero also supports
the above assignment. In the high spin-iron(III), the
five d-electrons are separately distributed over the five
d-orbitals so that the electron cloud becomes almost
symmetric and the electric field gradient vanishes.
It is known that the electron transfer between an
iron atom and ligands is negligible in a high-spin
iron compound!® and that the electric field gradient
is not affected very much by ligands.

The internal field is reduced to 462 T at 300 K,
while the quadrupole splittings and the isomer shifts
do not change. The reduction of internal field is quite
natural, because the saturation magnetization decreases
with increasing temperature.” A considerably large
internal field, even at 300 K, indicates that the mag-
netic ordering would be maintained, even to a temper-
ature higher than room temperature.

Concluding Remarks

From the discussion on the results of the X-ray photo-
electron and M&ssbauer spectroscopies, it is suggested
that the iron atoms in 6-SOj4 are in two valence states,
consisting of the high-spin iron(III) which is respon-
sible for the magnetism and the low-spin iron(II) which
has no contribution to the magnetism. Thatis, onlya
fraction of the iron ions contributes to the observed
magnetism in the iron-containing solids.

The large magnetization and its nonlinear rela-
tionship to an applied field was not only observed
for 6-SO4 but also for the other iron-containing
solids examined here. It was found that the length
of the methylene chain of the polymer as well as the
anions accompanying the iron ions hardly atfect the
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magnetism. Only the presence of the tridentate ligand
moiety causes the formation of the iron-containing
solids and, hence, the magnetism. Thisimplies that the
magnetic behavior observed for the iron-containing
solids is not very much affected by the distance between
the iron atoms coordinated with the tridentate moieties
of the polymers, while the change in the length of the
methylene chain may cause a variation of the distance.

This is somewhat peculiar for the large magneti-
zation since magnetic interaction among the transition-
metal ions may be influenced by their interatomic dis-
tances. X-Ray absorption measurements suggest that
each of the iron ions in the solid is coordinated with
two tridentate moieties of the polymers, as is expected
for the stoichiometry determined by the elemental
analyses. However, there remains a possibility of the
presence of a small amount of iron ions which have
different coordination characteristics and have escaped
from observation because of limitations in the sensitivity
of X-ray absorption spectroscopy for minor substances,
including the same element.
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