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Mossbauer and X-ray absorption spectroscopies of some crystallized iron oxides, Fe,0;, FePQ,,
Fe;PO4, and SrMn, gsFe 50, 5, the garnet Y;FesO,,, and the barium hexaferrite BaFe ;0,5 have been
undertaken in order to look at the local order around iron in Y;FesO;;, and BaFe;O,, materials
amorphized by irradiation with high energy (27 MeV/n) xenon ions accelerated by GANIL. Simula-
tions of the Mdssbauer spectra suggested the presence of fivefold coordinated iron in the amorphous
irradiated compounds with a distribution of magnetic interactions due to the variations of the number
of iron second neighbors. The XANES spectra at the Fe~K edge confirmed the fivefold coordination of
iron in the amorphous ferrites, show that the local structure around iron appears to be similar although
the original structures were different, and appear close to the one observed in the Fe;PO; compound in
which iron stands in a trigonal bipyramidal environment. EXAFS simulations gave Fe-O distances of
1.95 A intermediate between Fe—O distances in octahedral (1.97 A) and tetrahedral (1.85 A) environ-

ments. © 1991 Academic Press, Inc.

I. Introduction

The local environment of iron in amor-
phous ionocovalent compounds like oxide
glasses has been studied by several tech-
niques such as Mdssbauer spectroscopy,
optical absorption, and X-ray absorption
spectroscopy (I-4). Very conclusive stud-
ies on this subject were made by Mdssbauer
spectroscopy on phosphate glasses in
which iron has been generally reported in
octahedral coordination whatever the va-
lence state. In a recent study of iron-rich
phosphate glasses by XAS, the presence of
large amounts of Fe?* in tetrahedral coordi-
nation has been observed by measurement
of the prepeak intensity (5).

Thus the amorphization of ferrimagnetic
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oxides could be an interesting way of pro-
ducing new local environments without any
formatter. Although some garnets and
spinels already have been amorphized by
the splat cooling method (6), another way
to amorphize ferrimagnetic oxides is to irra-
diate the compounds by high energy heavy
ions in proper conditions (7-I0). For in-
stance, garnet Y;FesO,, irradiated at room
temperature by xenon ions of 3 GeV total
energy, is completely amorphized when the
fluence becomes large enough (®f = 5§ X
10”2 Xe - cm™2). This result has been ob-
served on Mossbauer spectra which show
only a central paramagnetic doublet (7, &8)
at room temperature and by high resolution
electron microscopy (HREM) (9, 10).
Heavy ion irradiation appears to be the
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only technique available, known up to now,
to amorphize in bulk conditions compounds
like the barium hexaferrite BaFe ;0.

In order to get some information about
the local bonding around iron in this very
disordered matter and to correlate with the
frustrate magnetic properties recorded by
magnetization measurements, Mdssbauer
and X-ray absorption spectroscopies were
performed on xenon-irradiated amorphized
garnet Y3;FesO;, and barium hexaferrite
BaFeuOlg.

II. Experimental

Sintered disks of both materials,
Y;FesO,; and BaFe ;09 (4 mm in diameter
and 70-80 mm thick), were held against a
thin aluminum foil perpendicular to the ion
beam. A fluence of 5 X 102 Xe - cm~2, de-
livered by GANIL at 27 MeV/n, was neces-
sary to completely amorphize the disks, es-
pecially in the case of BaFe;;O,9. The
amorphousness of the irradiated samples
was checked first by Mossbauer spectros-
copy using a conventional apparatus
equipped with a Y’Co in rhodium source:
only a pure paramagnetic doublet was still
observed at room temperature. An He flux
cryostat was used to record the spectra at
5 K. The computer simulation was realized
using a program written by J. Teillet and F.
Varret from the University of Maine
(France). Also on the same disks, X-ray dif-
fraction patterns showed no lines and
HREM the absence of any lattice plane res-
olution. The reproducibility of the amorphi-
zation of BaFCnOm and Y3Fe5012 disks in
the same irradiation conditions was
checked several times so that, for the large
surfaces needed by X-ray absorption spec-
troscopy (5 X 25 mm?), a thin and regular
layer of crystalline powder was spread on
aluminum-coated adhesive ribbon and then
directly irradiated at the same fluence.

XAS measurements have been per-
formed at the EXAFS III beam line at
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LURE (Orsay). The Si (311) double-crystal
monochromator was used over an energy
range of 800 eV above the edge, with a 2-eV
step. The edges were scanned using a 0.5-
eV step. In order to minimize a Debye—
Waller damping of the spectra, the samples
were maintained at 30 K during the experi-
ment. The energy calibration was obtained
by setting the inflection point of the metallic
iron K edge at 7112 eV. The samples stud-
ied were powders of Y;FesO;, (YIG) and
BaFe;;05 (BAF) irradiated and unirra-
diated (taken as reference), and of Fe,0s,
FePO,, Fe;PO, (11), YBaCuFeOs,; (12),
and SrMn,_,Fe O, 5 (x = 0.15) (I13) taken as
standards of iron in various oxygen envi-
ronments.

III. Results and Discussion

A. Mossbauer Spectroscopy

Mossbauer spectra, realized at 5 K, are
presented Figs. 1 and 2 for references with
xenon-irradiated garnet and barium hexa-
ferrite, respectively. Simulated spectra are
plotted on the corresponding experimental
curves and the parameters of the contribu-
tion are given in Table 1.

The reference spectrum of the polycrys-
talline garnet (Fig. 1a), recorded at 5 K, has
been simulated using two octahedral and
one tetrahedral contribution as it is usually
done (Table I). The theoretical abundances
of octahedral (409%) and tetrahedral sites
(60%) in the structure are reproduced by
the fitting within 2%.

The reference spectrum of the polycrys-
talline barium hexaferrite (Fig. 2a), also re-
corded at 5 K, looks quite different from
the crystallized garnet: it has been simu-
lated using two octahedral sites (12k and
4f,), one tetrahedral site (4f,), and one iron
site with a particular environment (2b, tri-
angular based bipyramids). From the struc-
ture determination, another octahedral site
(2a) should be taken into account, but it is
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F1G. 1. (a) Mdssbauer spectra of polycrystalline gar-
net Y;Fes0,, used as a reference at 5 K. (b) Amor-
phous xenon-irradiated garnet recorded at 5 K (d, = 5
x 1012 Xe - cm~2, E = 27 MeV/n, {(dE/dx),) = 36 MeV/
pum).

often mixed with the 12k + 4f, contribu-
tions. The fitting of the parameters leads to
24% tetrahedral sites instead of the 17%
theoretical abundance, probably because of
a mixture of 2a and 2b with 4f] and 4f; sites.
Thus one can find by Mossbauer spectros-
copy the theoretical and relative amounts
of tetrahedral and octahedral sites inside
both structures within 8% precision.

The spectra of the irradiated compounds
recorded at room temperature show only a
paramagnetic doublet with large quadrupo-
lar splitting and line width: electron diffrac-
tion and microscopy have shown that these
irradiated compounds are completely amor-
phous (9, 10) and present very weak magne-
tization with magnetic properties character-
istic of frustrated magnetic interactions
which have been described elsewhere (14).

The Mossbauer spectrum of the amor-
phous garnet, recorded at 5 K (Fig. 1b),
appears quite similar to the one obtained by
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TABLE 1

MOsSBAUER PARAMETERS? AND SITE CONCENTRA-
TIONS RESULTING FROM THE FITTING OF EXPERIMEN-
TAL SPECTRA FOR UNIRRADIATED AND XENON-IRRA-
DIATED (®7 = 5 x 10'2) Xe - cm~2) FERRITES

Sample Site L.S. r 2e HF. %
Crystalline 12a 0.49 0.15 0.11 542 31
Y;Fes0, 4a 042 0.11 -0.04 527 7
sintered 24d 0.25 0.18 0.03 463 62
Y;Fes0p,, 1 046 0.33 0.02 475 33
amorphous 2 040 0.36 —-0.01 447 47

3 038 030 —-0.03 412 20

Crystalline 4f, 0.50 0.18 0.18 551 27
BaFe;,0, 4f; 038 0.22 0.12 527 24
sintered 126 049 0.13 0.46 520 44
2b 047 0.08 2.36 426 5

BaFe ;0 1 050 0.23 0.18 516 10
amorphous 2 0.43 0.31 0.03 491 34

3 042 031 0.01 466 38

4 040 028 —-0.02 437 18

4 1.S., isomer shifts; I, linewidths; 2e, quadrupolar
effects (in mm/sec); H.F., hyperfine field (in kG). Iso-
mer shifts are corrected for the iron shift (0.115 mm/
sec) taken as a reference.

Absorption (Arb.units)

-12

mm/s

F1G. 2. (a) M6ssbauer spectra of polycrystalline Ba-
Fe;;0,5 used as a reference at S K. (b) Amorphous
xenon-irradiated BaFe,0;, recorded at 5K: same con-
ditions as described in legend to Fig. la.
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Eibschiitz et al. (6) by a fast cooling method
with large asymmetric lines which has been
fitted by means of one mean isomer shift
(0.446 mm/sec) and hyperfine field (450
kG). These authors concluded that the 4-
and 6-coordinated Fe?* ions disappeared
with the predominance of a fivefold coordi-
nation of iron inside the amorphous garnet.
Our simulations have shown that three con-
tributions are necessary to fit the spectrum
properly rather than a mean and broad one.
These three contributions could correspond
to octahedral, pyramidal, and tetragonal
environments of iron but can also be inter-
preted as the main terms of a large distribu-
tion of iron and yttrium second neighbors
centered on a mean fivefold coordination.
As a matter of fact, the isomer shifts of
these three contributions appear to stand
between those of the octahedral and the tet-
rahedral sites in the reference compound.
As is discussed in the next paragraph, iron
has been observed by XAS in some crystal-
lized oxides presenting a fivefold coordina-
tion, square pyramid, or trigonal bipyra-
mid.

The Mossbauer spectrum of the amor-
phous barium hexaferrite (Fig. 2b) looks
quite similar to the irradiated garnet spec-
trum: as in the latter case, attempts to simu-
late the spectrum of BaFe,Oy9 by a distri-
bution of hyperfine fields and isomer shifts
were not successful and a correct fit was
obtained using four contributions, each of
them being greater than 10% in relative in-
tensity. The values of the isomer shifts are
again intermediate between those of the oc-
tahedral and the tetrahedral sites, except
for the first one, which may be considered
as the remainder of the initial predominant
octahedral sites in this structure. One can
again interpret the simulation by means of
the octahedral sites, which groups the first
sites with the highest hyperfine field param-
eters, pyramidal and tetrahedral sites, or by
using a large distribution of magnetic inter-
actions based on a fivefold coordination
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with various numbers of iron ions as second
neighbors and with large line widths due to
the spreading of Fe—O bond lengths and an-
gles.

Tentative analyses of the Mdssbauer
spectra of Sr;LaFe;Og, and Sr,Fe,_,
Cr,Os., oxygen-deficient perovskites in
terms of local iron environment have been
undertaken by T. C. Gibb and co-workers
(22, 23). These authors tried to correlate the
variations of isomer shifts, quadrupolar
splittings, and magnetic hyperfine intensi-
ties with oxygen stoichiometries to the
number of close neighbors. For that pur-
pose, they found that isomer shift was the
most relevant parameter: at 290 K, isomer
shifts for Fe3* in an octahedral environment
stand around 0.38 mm/sec, 0.17 mm/sec in
tetrahedra, and intermediate values arcund
0.28 mm/sec for fivefold coordination. Tak-
ing into account the observed 30% increase
of isomer shifts between 290 and 5 K, the
latter value leads to 0.4 mm/sec for fivefold-
coordinated Fe3* at 5 K, in good agreement
with the present analysis of the spectra of
the irradiated ferrites (see Table I).

Working on oxygen-deficient perov-
skites, the authors concluded that there is a
square pyramidal environment around Fe3*
cations. Moreover, the existence of oxides
such as Ca,Mn,05 (24) presenting layers of
Mn?** in square pyramid coordination al-
lowed the assumption that Fe3* and Fe**
(same electronic configuration 3d* as Mn?")
occurred in the same type of environment.
Nevertheless, the comparison of Mdss-
bauer data is relevant only in isostructural
compounds and did not give a definite an-
swer about iron coordination in variable an-
ion environments and structural types espe-
cially in highly disordered materials.

To further examine the problem of the
local environment of iron, we performed X-
ray absorption spectroscopy analysis of
some crystallized reference compounds,
chosen for their well-known structures, and
the amorphous irradiated ferrites.
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B. XAS
(I) XANES at the Fe-K Edge

The spectra were normalized when the
step of the edge was fixed at 1; the step was
evaluated as equal to the difference in ab-
sorption of the preedge and the high energy
part of the spectra where there is no more
EXAFS oscillation. The zero of energy was
taken at the metallic Fe-K edge. The en-
ergy position of the edge of each sample
was fixed at the inflection point of the main
absorption jump. It was found to be nearly
the same for all the samples and located at
13 = 2 ¢V. It has been shown that the exact
position of the inflection point for Fe com-
pounds does not reflect only the valence
state of the ion: M. Verdaguer et al. (15)
have reported in iron porphyrins the same
value for Fe(II) in square planar configura-
tion and Fe(I1l) in square pyramidal config-
uration of iron porphyrins.

Fe,0, and FePO, spectra were recorded
as standards of Fe in octahedral and tetra-
hedral coordination, respectively (Fig. 3).
YBaCuFeOs, 5 is an oxygen-deficient pe-
rovskite where Fe atoms are substituted to
Cu and are in a square-based pyramidal
configuration (/7), with a fivefold coordina-
tion (symmetry group C,). The Fe;PO;
sample is also a compound where the Fe
atoms are 5-coordinated but inside a trigo-
nal bipyramid (group Ds;,: Fig. 3). Another
pyramidal compound was also studied:
Sry(Feg.gsMng 15)205. In this compound, the
Mossbauer measurements (13) indicate that
the Fe atoms which are substituted to Mn
are 5-coordinated. However, no structural
determination exists on this last sample.

(a) Standard samples. Figure 4a shows
the spectra of the four former standards.
All of these spectra have a preedge struc-
ture located at 2 eV (peak A in the figure).
This preedge peak is commonly attributed
to electronic transition from the ls core
level to orbitals with mainly 3d character
(16—18) and has been used as a fingerprint
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to identify a noncentrosymmetric environ-
ment including tetrahedral coordination of
Fe in oxide glasses (5). The interpretation
for such a 1s-3d transition is generally an
electric dipole transition to hybridized p—d
states. This hybridization may be the result
of the absence of an inversion center in the
molecular cluster. A quadrupolar contribu-
tion to this preedge structure is also possi-
ble and has been evidenced in some cases
by G. Driger et al. (19). The XANES of
several Fe compounds in 4-, 5-, and 6-coor-
dination have also been studied by Berthet
et al. (18). They have identified the differ-
ent structures which appear on the edges of
these compounds. In particular the com-
pound FePO, has also been studied by
these authors.

The most intense prepeak is cbserved for
FePO, and in that case it is due to the lack
of a center of symmetry in the FeQ, tetra-
hedra. On the contrary, Fe;O; has a small
prepeak which has been shown by Driger
et al. to comprise quadrupole and dipole
transitions, with a predominance of the di-
pole transition. In this compound Fe is in a
slightly distorted octahedral coordination.
This prepeak is split into two components,
A; and A,, which can be correlated to the
splitting of the 3d(t,,, e,) orbitals in the oc-
tahedral crystal field.

The YBaCuFeOs and Fe;PO; compounds
are in an intermediate situation. Table 11
gives the intensity of the prepeak of the
normalized spectra. The increasing order
for the intensity of this prepeak is as fol-
lows: Fe,O;, YCuFeOs, Fe;PO,, FePO,
(Fig. 4a). This is consistent with the fact
that the p-—d hybridization must increase
from the first to the last compound. In
Fe,0; the symmetry for the FeOg cluster is
close to Oy, which implies no p—d hybrid-
ization. The small signal observed is due to
the distortion of the octahedra plus the qua-
drupolar contribution as was said before.

In contrast, in FePO, the FeQ, cluster is
in T; symmetry and the three p,, p,, p, or-
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FiG. 3. Structural models showing the local order around iron for (a) Fe;PO,, projection down the ¢-
axis showing the trigonal bipyramids around iron (11); (b) Sr,Mn,Os, projection down the c-axis
showing the square pyramids around iron (13); (c) Y;FesOy,, perspective view showing the 6 and 4
coordination around iron (14); (d) YBaCuFeOs, perspective view showing the square pyramids around
iron (13); (e) BaFe,;0,4, projection down the c-axis showing, left: mixed layer with 4 (4f)- and 6 (2a)-
coordinated iron, right: Kagome layer with 6 (12k) coordinated iron and Kagome window K.

bitals are mixed with the three d,,, d,.. d,.
orbitals. In the case of YBaCuFeOs and
Fe,PO-, the FeOs clusters are in Cy, and D5,
symmetry, respectively, and only the p,
and p, are hybridized with the 4 orbitals.

But for Cy, p. and p, are hybridized with
the d,., d,, orbitals, whereas for D, the p,
and p, are hybridized with d,._» and d,,,
and there exists a better overlapping of the
d and p orbitals in this latter case since they
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TABLE II

COMPOSITIONS AND STRUCTURAL PARAMETERS OF
SoME OXIDES WITH VARIOUS OXYGEN ENVIRON-
MENTS AND OF XENON-IRRADIATED FERRITES

First

Prepeak neighbor EXAFS X-ray
Sample height N RA)  oAY  RA
Fe O3 0.03 6 1.95 0.014 3 x 1.91
3 x 2.06
FePO4 0.5 4 1.88 0 4 x 1.88
1 x 1.892
Fe;PO; 0.14 5 1.95 0.004 1 x 1.917
2 x 1.920
1 x2.190
1 x 1.998
YBaFeCuOs 0.06 5 1.98 —0.004 4 x 1.999
1 x2.13
4 x 1.966
SrMny gsFeg 1502 5 0.05 5 1.51 —0.004 —
4 x 1.872
YIG, sintered 0.2 4 1.87 0.003 6 x 2.000
YIG, amorphous 0.12 5. 1.95 ~0.001 —
BaF, sintered 0.03 6.0 1.93 0.014 —
BaF, amorphous 0.12 S. 1.96 0.002 —

lie in the same plane. This explains why the
prepeak is more intense for Fe;PO; than for
YBaCuFeOs.

The main absorption peak (B; Fig. 4a) is
due to an s—p transition. The shape of the
edge of FePO, is similar to that of the
[MnQ,] tetrahedra studied by Benfatto et
al. (22). They show that multiple scattering
with contributions of order higher than 3 is
essential to reconstruct the B, and B, fea-
tures. In the case of Fe,0,, the comparison
with the [MnOg] octahedra studied by the
same authors is not valid since the octahe-
dra of Fe,O, are slightly distorted. How-
ever, the main absorption peak B is very
intense as is expected in octahedral symme-
try. It is split into two components (B; and
B;: letters referring to Fig. 4a), which have
been shown by Driger et al. (19) to have z
(By) and x, y (B,) polarization. Thus the
transitions can be attributed to p, (By) at
lower energy and p,, p, (B;) at higher en-
ergy. In the case of the MnO, tetrahedra,
Benfatto et al. have shown that the range of
energy where the multiple scattering must
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be considered is about 120 eV, and only 60
eV for octahedra because of the cancel-
lation of the third and fourth order contri-
bution to multiple scattering in octahedra
This corresponds to an energy of 120
(dvno/dre0)? = 80 eV for the [FeQ,] tetrahe-
dra. YBaCuFeOs presents a very sharp B
peak, which is also a 1s—4p transition. The
Sry(FeMn),0s compound presents the same
XANES spectrum as YBaCuFeQOs and it
can be concluded that for this sample the
local symmetry around the Fe ions is the
same (Fig. 4b).

(b) Irradiated samples. In Fig. 4c are pre-
sented the absorption spectra of the unirra-
diated ferrites. The BaFe,O,s unirradiated
sample has a preedge similar to that of
Fe,0;, which is consistent with the fact that
in this compound the majority of Fe atoms
are in octahedral configuration (20). The
garnet YsFesOy, is an intermediate between
FePO, and Fe,0; and this is due to both
tetrahedral and octahedral coordination of
Fe atoms in the compound. It is possible to
reconstitute the YiFesO,, prepeak with a
linear combination of the two standards
Fe;0; and FePO, (Fig. 4c, inset). One finds
60% tetrahedra and 40% octahedra, in
agreement with the crytallographic struc-
ture.

BaFe ;09 has the same sharp B peak as
Fe,0; corresponding to the octahedra with
Fe~O distances varying from 1.93 to 2.06
A. In contrast, Y;Fes0,, and FePO, present
a round-shaped edge characteristic of a
pure tetrahedral environment (18).

A comparison of irradiated and nonirra-
diated samples is shown in Figs. 5a
(Y;Fes0;2) and 5b (BaFe»0,5). Both irradi-
ated samples which had different preedge
and XANES structures tend toward analo-
gous spectra. The prepeak A decreases in
intensity for the YIG compound and in-
creases for the BAF compound, becoming
intermediate between those of unirradiated
BAF and YIG. If one assumes that in these
amorphous compounds there is still a mix-
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F1G. 5. (a) Absorption edges of irradiated (---) and unirradiated garnet (- - -). (b) Same as (a) for BaF.

4

ture of tetrahedral and octahedral sites }
around Fe3" cations, one finds that the irra- ‘
diated samples have between 70 and 80% of {
octahedral sites by linear combinations of 1
the prepeaks of Fe,O; and FePO,. How- 1
ever, it is not possible by this simulation to |
reconstruct the shoulder B observed in the ’
irradiated samples. This shoulder appears
only in the edge of the reference compound
Fe;PO; and the prepeak A intensity is in
good agreement with those of the irradiated
compounds (Fig. 6).

The XANES structures are completely
washed out, as expected for an amorphous
sample, and the intensity of the main transi-
tion peak is considerably lowered in the
case of BaFe ;0.
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The EXAFS modulations were extracted
using a standard method (21). The phase  Fig. 6. Absorption at Fe-K edge of irradiated YIG,
and amplitude of Fe-O were calculated 1; BaF, 2; and of Fe,PO;, 3.
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from FePO, taking four oxygen atoms sur-
rounding the Fe atom at a distance of
1.85 A.

The Fourier transforms of ky(k) are pre-
sented in Fig. 7 for the irradiated and unir-
radiated samples. The first peak of the mod-
ulus of the Fourier transform corresponds
to Fe-O distances. At a first examination,
one can see that this peak decreases nota-
bly when BaFe ;0,5 becomes amorphous,
but shows a small increase for Y;FesOi,. In
addition, there is a small shift of the Fe-O
peak in amorphous Y;FesO;; toward longer
distances, whereas there is no noticeable
shift for BaFe;,O;s. This indicates that
there is a change in the mean coordination
number of Fe in both amorphous com-
pounds but these changes are of opposite
sign. One can observe also a quasicancella-
tion of the second peak of distances, which
is expected from an amorphous sample.

Since the Fourier transform was taken at
80-450 eV because of the limitations at low

FFT MODULUS (RARBITRARY UNITS)x188

[} 1 2 3 9 S 6 ?
DISTANCE (R)
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energy due to multiple scattering, only sin-
gle shell-fittings of the Fourier transforms
of the first peak were tested. The significant
results are the distances in the shell, the
coordination number being correlated with
the Debye-Waller factor. The number of
oxygen neighbors around iron was arbitrar-
ily fixed at five atoms in the irradiated sam-
ples, four in the unirradiated garnet, and six
in the unirradiated BaFe;;0,5. One ob-
serves in the garnet that the Fe—O distances
change from 1.87 A, characteristic of tetra-
hedra, to 1.95 A, more characteristic of oc-
tahedral or fivefold coordination after
amorphization. In the case of the barium
hexaferrite, the distances change from 1.93
A, which corresponds to the shortest Fe—O
distances in the octahedra (20), to 1.96 A.
This variation is the limit of sensitivity of
the experiment. Nevertheless, one can say
that there is no detectable emergence of
short distances as in tetrahedra despite the
fact that the prepeak is enhanced and the

FFT MODULUS (RRBITRARY UNITS)x1@0

DISTANCE (R)

FiG. 7. (a) Fourier transform of EXAFS &y (k) spectra of unirradiated (continuous line) and irradi-

ated (dotted line) YIG. (b) Same as (a) for BaF.
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modulus of the Fourier transform is notice-
ably decreased in this last compound.
These results lead us to the conclusion that
iron atoms are fivefold coordinated in the
amorphous samples. The same type of fit-
ting realized on Fe;PO; yields a mean Fe-O
distance of 1.95 A and on YBaCuFeOs and
Sry(Feg gsMny 15),05 compounds of 1.98 A.
These distances are close to the ones ob-
served in the amorphous samples.

C. Discussion

Both the edge and the EXAFS compari-
sons of irradiated and unirradiated ferrites
indicate that the amorphization induced by
high energy heavy ions leads to a fivefold
coordination of iron close to a trigonal bi-
pyramid configuration as in Fe;PO;. More-
over, the X-ray absorption spectra of both
xenon-irradiated amorphized compounds
look very close to one another, yielding the
same amorphous phase for the two kinds of
ferrites although their initial structures are
different. Taking into account such a result,
the strong decrease of the hyperfine field in
the main contributions to the Mossbauer
spectra can be interpreted on the basis of a
variable number of iron second neighbors
since magnetic coupling arises from su-
perexchange interactions via the oxygen li-
gands. For instance, in the irradiated gar-
net, the three contributions could
correspond respectively to 5, 4, and 3 iron
second neighbors with the corresponding
decrease of the hyperfine field (Table I).
The same result can be proposed for the
irradiated barium hexaferrite, except for
the first contribution (Table I) which
presents the weakest intensity and the
strongest hyperfine field and is likely due to
a remainder of iron in octahedral coordina-
tion. This last observation can be related to
the smaller sensitivity to heavy ion irradia-
tion of BaFe ;05 with respect to the garnet,
which has been shown by Ch. Houpert et
al. (21) in their Méssbauer study of irradia-
tion damage in magneto-plumbite-type
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structures. These authors observed that 12k
octahedral sites remained in the Mdssbauer
spectra of the irradiated samples until com-
plete amorphization when 4f;, 4f,, and 2b
sites vanished at lower fluences.

Thus it appears that, in the amorphous
ferrites, iron atoms take a well-defined five-
fold coordination with oxygen first neigh-
bors forming a trigonal bipyramid but, as
soon as second neighbors are considered,
the order vanishes and a distribution of cat-
ions, bond lengths, and angles occurs. This
type of local ordering will create multiple
magnetic interactions which result in frus-
trated magnetic properties observed by
magnetization and susceptibility measure-
ments (/4).
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