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Magnetization and 57Fe and 119Sn Mössbauer effect studies of the magneto-superconducting
Ru1−xAl xEu1.5Ce0.5Sr2Cu2O10−d, Ru0.99

57Fe0.01Gd1.5Ce0.5Sr2Cu2O10−d, and Ru1−x
119SnxGd1.5Ce0.5Sr2Cu2O10−d

systems, have been performed. The studies show that atTM ,160 K, a sharp rise in magnetization occurs, not
changing much down toTM2,90 K and displaying all along hysteresis loops. The coercive field increases
when the temperature decreases, reaches a maximum at about 120 K and decreases again almost to zero around
90 K. At this temperature, a second, much larger rise in magnetization takes place, displaying typical ferro-
magnetic hysteresis loops. AtTc,30–35 K the system becomes superconducting. The57Fe and119Sn Möss-
bauer spectra display at room temperature more than three inequivalent Fe or Sn sites, in accordance to their
local environment. At low temperatures the spectra also display two to three magnetic inequivalent sites. Below
TM the spectra display magnetic hyperfine structure only for about 10% of the sample, the rest display
magnetic order only belowTM2. While the magnetization studies tend to indicate that the material is homo-
geneous and aroundTM2 it undergoes some kind of spin or structural rearrangement; the57Fe and119Sn
Mössbauer spectra tend to prove the occurrence of phase separation in these compounds. The two contradicting
possibilities and an alternative approach are discussed in detail.
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I. INTRODUCTION

The RuR2−xCexSr2Cu2O10 (Ru-1222,R=Eu,Gdd materials
display a magnetic transition atTM =125–180 K and bulk
superconductivity(SC) below TC=32–50 KsTM @TCd, de-
pending on theR/Ce ratio and on the oxygen concentration.1

The SC charge carriers originate from the CuO2 planes and
the magnetic order is confined to the Ru layers. The mag-
netic order does not vanish when SC sets in atTC, but re-
mains unchanged and coexists with the SC state. The exact
nature of the magnetic structure of Ru-1222 is not yet
known. The accumulated results are compatible with two
alternative scenarios, both of which are used in understand-
ing the qualitative features at low applied fields.(A) Going
from high to low temperatures, the magnetic behavior is
basically divided into two regions:2 (i) At TM the Ru sublat-
tice becomes magnetically ordered, antiferromagnetically
(AFM); (ii ) at TM2 s,TMd, weak ferromagnetism(W-FM)
sets in, which originates from canting of the Ru moments.
This canting is a result of the tilting of the RuO6 octahedra
away from the crystallographicc axis.3 At TC,TM2, SC is
induced and both the SC and the W-FM states coexist intrin-
sically on a microscopic scale.(B) Detailed analysis of the
magnetization under various thermal-magnetic conditions
suggests a phase separation of Ru-1222 into FM and
AFM 4–6 nanodomain species inside the crystal grains. A
minor part of the material becomes FM atTM, whereas the
major part orders AFM and becomes SC atTC. In this sce-
nario, the unusual SC state is well understood.

To investigate the relationship between SC and magne-
tism in Ru-1222, we have attempted to replace Cu2+ by non-
magnetic Zn2+ ions.7 Similar to all other Zn doped highTC
materials, tiny amounts of Zn are sufficient to suppress the
SC statesTC=38 Kd and the material with 1.25 at.% of Zn is

not SC down to 4.2 K. On the other hand, the magnetic state
of the Ru sublattice is not significantly affected by the pres-
ence or absence of the SC state. This proves that the two
states are practically decoupled. The wide ferromagnetic hys-
teresis loops which open at 5 K close themselves atTM2

=80 K, and reappear atTM2,T,TM. These observations
tend toward preference of model(A) described above.

Here, we report the effect of nonmagnetic Sn4+ and Al3+

ions substitution for Ru5+, on both SC and magnetic states of
Ru-1222. It appears that the suppression rate ofTC is more
moderate than in the Zn doped materials, and that about
7 at.% of Al ions are needed to destroy the SC state. Keep-
ing in mind that such a substitution dilutes the magnetic
RuO2 layers, we show that Al substitution(up to 10%), shifts
only TM2 to lower temperatures, but does not alter muchTM.
On the other hand, the substitution of 5% of Sn affects dra-
matically bothTM2 and TM, and shifts them to lower tem-
peratures.

Mössbauer studies(MS) of dilute 57Fe or 119Sn probes
have proved to be a powerful tool in the determination of the
magnetic nature of the probe’s site location. When the Ru
ions become magnetically ordered, they produce an ex-
change field on the Fe ions(or a transferred hyperfine field at
the Sn nucleus) residing in this site. Both nuclei experience
magnetic hyperfine fields leading to sextets in the observed
MS spectra. Our present Mössbauer and magnetization stud-
ies tend to show that neither model(A nor B) described
above is able to explain all observations. While the magne-
tization results are more easily explained by model A, the
Mössbauer observations tend to support model B, they defi-
nitely show phase separation, atTM only aminor fractionof
the samples10–20%d becomes magnetically ordered. At
TM2, also themajor fractionbecomes magnetically ordered.
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II. EXPERIMENTAL DETAILS

Samples were prepared by solid-state reactions as de-
scribed elsewhere.1–6 Each series of the materials reported
was prepared at the same time under the same conditions.
X-ray diffraction measurements confirmed the purity of
the compounds, and indicate that within the instrumental
accuracy, the doped samples have a tetragonal structure
(space group I4/mmm) with the same lattice parameters
as their parent compounds:a=3.846s1d ,3.844s1d Å and
c=28.72s1d ,28.62s1d Å for R=Eu and Gd, respectively. DC
magnetic measurements were performed in a commercial su-
perconducting quantum interference device(SQUID) magne-
tometer. AC susceptibility was measured atsHdc=0d by a
homemade probe inserted in the SQUID, with an excitation
frequency of 733 Hz and amplitude of 120 mOe. MS of ce-
ramic samples containing,1% 57Fe and 2%119Sn (doped
for Ru) were performed at various temperatures using a con-
ventional constant acceleration drive and 50 mCi57Co:Rh
and 5 mCi Ba119mSnO3 sources, respectively. The experi-
mental spectra were analyzed in terms of several subspectra,
by a least-squares fit procedure, corresponding to various
models based on distributions of hyperfine interaction pa-
rameters. The57Fe and119Sn isomer shifts are relative to
a-Fe and BaSnO3 respectively, measured at room tempera-
ture.

III. EXPERIMENTAL RESULTS

A. The Ru1−xAl xEu1.5Ce0.5Sr2Cu2O10 system

The temperature dependence of the normalized real ac
susceptibilitysx8d curves of samples withx=0, 0.02, 0.05,
and 0.07 (all samples prepared simultaneously under the
same conditions) are presented in Fig. 1. Doping of Al(and
Sn) in Ru-1222 is reminiscent of the typical behavior of Al
(and Sn) doped YBCO materials in which both ions substi-
tute for Cus1d. Since the tetragonal Ru-1222 structure
evolves from the YBCO one, we assume that both ions reside
mainly in the Ru site. The negative susceptibility for samples
with x=0, 0.02, and 0.05, indicate clearly that they are SC
and thatTC is reduced from 36 K to 30 and 26 K, respec-

tively. Thex=0.07 and 0.1 samples are not SC and are mag-
netically ordered only. This is in contrast to the Zn(for Cu)
doped samples in the Ru-1222 system, discussed above. Fig-
ure 1 shows that Al slightly affects the major peak position at
TM2. This peak[82s1d K for x=0] is shifted to 76, 70, 68 K
for x=0.02, 0.05, and 0.07, respectively. Figure 1 also shows
small peaks around 129s1d K, and close examination indi-
cates that they are not affected by the presence of the Al
ions.

Note that the peak position atTM2 is not TM. The x8sTd
curves do not lend themselves to an easy determination of
TM, and for this purpose we measured the dc isothermal
MsHd curves at various temperatures. These curves are
strongly dependent on the field(up to 2–4 kOe), until a
common slope is reached(Fig. 1 inset). MsHd can be de-
scribed as:MsHd=Msat+xH, where the saturation moment
sMsatd corresponds to the weak ferromagnetic(W-FM) con-
tribution of the Ru sublattice, andxH is the linear paramag-
netic contribution ofR (Eu or Gd) and Cu. At low applied
fields, FM-like hysteresis loops are opened, from which the
remnant moments and the coercive fieldssHCd can be de-
duced.

Figure 2 shows the temperature dependence ofMsat ob-
tained for all samples studied. TheMsat curves, become zero
at TMsRud=162s2d, (this is our definition forTM) regardless
of their Al concentration. Note that theMsat values(at low
temperatures) decrease withx.

The more interesting effects to be seen are exhibited in
Fig. 3. The relatively wide FM hysteresis(Fig. 1, inset) loops
which open at low temperatures(HC,450–500 Oe at 5 K)
become narrow as the temperature increases and practically
disappear around 60 K. However, above 80 K, small canted
AFM-like hysteresis loops are reopened for all samples.6,7

The HCsTd curves show a peak with a maximum at 120 K
sHC,150 Oed and become zero atTM. Based on Figs. 1–3,
we may conclude that the magnetic behavior of this system
is as follows:(i) The SC materials and the non-SC one have
basically the sameTM and a similarHC trend. This means
that the SC and magnetic states are decoupled from each
other;(ii ) the materials as a whole are W-FM atT,TM2 and
canted AFM ordered atTM2,T,TM; and(iii ) the reappear-
ance of hysteresis loops aboveTM2 is more consistent with
model (A) described above. BelowTM, the AFM exchange

FIG. 1. The temperature dependence of the normalized real ac
susceptibility of Ru1−xAl xEu1.5Ce0.5Sr2Cu2O10. The inset shows the
hysteresis loop at 5 K forx=0.02.

FIG. 2. The temperature dependence of the saturation moment
Msat, for Ru1−xAl xEu1.5Ce0.5Sr2Cu2O10.
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energy increases with decreasing temperature and may over-
come the coercive energies, which can lead to the observed
unusual maximum and decrease ofHC.

B. Ru1−xSnxGd1.5Ce0.5Sr2Cu2O10 system

The x8sTd plots of enriched Sn doped in Ru-1222 are
presented in Fig. 4. It is readily observed that Sn substitution
for Ru reducesTC (39 K for x=0) to 26 sx=0.02d and
15 K sx=0.05d, affects dramatically the peak position(91 K
for x=0) and shifts it to 76 and 51 K forx=0.02 and
x=0.05, respectively. In contrast to the Al doped materials
(Fig. 1), the second minor peak in thex8sTd curves is also
affected by the presence of Sn, and shifted from 128 K(for
x=0) to 122 and 115 K forx=0.02 and 0.05, respectively.
This is consistent with the temperature variation ofHC (Fig.
5) which becomes zero at 80, 60, and 40 K and shows a
maximum at 130, 130, and 100 K forx=0, 0.02, and 0.05,
respectively. The hysteresis loops disappear atTM which is
15 K lower for the x=0.05 sample.MsatsTd (not shown)
which reaches zero atTM =170s2d for x=0 and 0.02, for
x=0.05 is shifted to 155 K. The origin for the strong differ-
ence between the doped Sn and Al ion systems behavior,
except for their different valence, leading to different oxygen
content, cannot be fully explained at the present moment.

The x8sTd curve, not shown, for the 1%57Fe doped
sample used for Mössbauer spectroscopy studies looks simi-
lar to that of thex=0 sample shown in Fig. 4. In that curve
we observe:TC=21 K, a major peak at 90 K, a minor peak at
123 K, andTM at 170 K.

IV. MÖSSBAUER SPECTROSCOPY RESULTS

The samples RuGd1.5Ce0.5Sr2Cu2O10 doped with 57Fe
(1%) and 119Sn (2%) were studied by Mössbauer spectros-
copy at temperatures 4.2 to 300 K. The experimental results
indicate that while all Fe3+ ions enter the sample and are
mainly located in the Ru site, only,75% of the Sn4+ ions
substitute Ru in the sample, the rest form probably the
SrSnO3 phase. Both the57Fe and119Sn Mössbauer spectra
show magnetic hyperfine structure of a portion(minority
fraction) of the probe ions at,150–160 K. Due to the small
size of this fraction,TM cannot be determined precisely by
MS. The fraction increases when lowering the temperature
down to TM2,90 K and reaches values of 10–20%, the
magnetic hyperfine fields reach almost saturation. AtTM2 the
rest of the probe ions(majority fraction) display magnetic
hyperfine fields. At low temperatures all spectra exhibit very
clearly the presence of at least two different subspectra. One
subspectrum corresponding to the minority fraction, which
ordered atTM, and the other subspectra correspond to the
majority fraction, which ordered atTM2. We shall now de-
scribe in some detail the analysis of the experimental spectra
observed, and discuss the possible interpretations of these
observations.

A. 57Fe:RuGd1.5Ce0.5Sr2Cu2O10 Mössbauer spectra

Some of the experimental spectra are shown in Fig. 6 and
the hyperfine interaction parameters obtained from the analy-
sis of the spectra are given in Table I. The room temperature
spectrum indicates that the57Fe probe ions are all trivalent.
The 57Fe ions replace Ru5+ ions, and thus have distorted
environments, leading to a superposition of several subspec-
tra corresponding to different local environments. The spec-
trum resembles to a great degree the spectrum observed for
dilute iron in YBa2Cu3O7.

8 The spectrum was least-squares

FIG. 3. The temperature dependence of the coercive fields for
Ru1−xAl xEu1.5Ce0.5Sr2Cu2O10.

FIG. 4. The temperature dependence of the normalized real ac
susceptibility curves of Ru1−xSnxGd1.5Ce0.5Sr2Cu2O10. The inset
displays the second peak in an extended scale.

FIG. 5. The temperature dependence of the coercive fields for
Ru1−xSnxGd1.5Ce0.5Sr2Cu2O10. Note the lowerTM for the x=0.05
sample.
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fitted with three subspectra, the parameters of which are
given in Table II. It can be fitted, though less successfully,
with a single asymmetric broad line quadrupole doublet, or a
continuous asymmetric distribution of quadrupole doublets.
The spectra below 150 to 90 K exhibit a superposition of
two subspectra, the major one of which is the major high
temperature paramagnetic quadrupole doublet while the mi-
nor ones,11%d is a magnetically split sextet. Below 90 K,
an increasing part of the major doublet becomes magneti-
cally split, with a distribution of hyperfine interaction param-
eters, according to the inequivalent iron probe locations. The
spectra were analyzed in terms of three subspectra, one cor-
responding to the minority fraction ordered atTM, the others
to the majority fraction ordered atTM2. The majority fraction
displays two hyperfine fields, site I and site III in Table I,
distinguishable only at the low temperatures 4.2 and 15 K.

These two different hyperfine fields and very different quad-
rupole interactions result probably from iron probes in very
different local environments, see Table II. In Fig. 7 the tem-
perature dependences of the magnetic hyperfine fields and
total magnetic fraction are shown, they are also given in
Table I (where«= 1

4e2qQ for the paramagnetic cases, for the
magnetically split spectra« corresponds to its second order
tensor projection along the magnetic field axis).

From the above observations we may conclude that, in the
sample studied, if all iron probes respond equally to the Ru
magnetic order,9 there is a phase separation belowTM
,160 K. The present57Fe Mössbauer spectra are actually
not that much different from those previously reported.1,9

The differences are mainly due to the different composition
and preparation procedures of the samples(in Refs. 1 and 9
the sample was RuGd1.4Ce0.6Sr2Cu2O10).

B. 119Sn:RuGd1.5Ce0.5Sr2Cu2O10 Mössbauer spectra

Some of the experimental spectra are shown in Fig. 8 and
the hyperfine interaction parameters obtained from the analy-
sis of the spectra are given in Table III. The room tempera-
ture spectrum indicates that the119Sn probe ions are all tet-
ravalent, replacing Ru5+ ions and have distorted
environments, leading to a distribution of isomer shifts and
quadrupole interactions. The spectrum was least-squares fit-
ted with two subspectra, ones,75%d composed of a quad-
rupole doublet, corresponding to Sn in the Ru site of the
compound and the other is composed of a single line with
parameters similar to those of SrSnO3 which may be present
as an impurity phase. Indeed this single line subspectrum
stays with the same relative intensity at all temperatures. The
75% subspectrum displays phase separation below 150 K. A
minor part, ,10%, becomes magnetically ordered below
150 K, producing a transferred hyperfine field at the119Sn

FIG. 6. Mössbauer spectra of 1%57Fe doped in
RuGd1.5Ce0.5Sr2Cu2O10, at various temperatures.

TABLE I. The hyperfine interaction parameters derived from the analysis of the Mössbauer spectra of 1%57Fe in
RuGd1.5Ce0.5Sr2Cu2O10. P Int. stands for the paramagnetic fraction.

Temp K 4.2 15 40 60 75 90 125

Int. 1 % 66(4) 70(4) 87(4) 82(3) 70(4)

IS. mm/s 0.36(1) 0.35(3) 0.36(4) 0.32(3) 0.39(3)

« mm/s −0.20s1d −0.21s1d −0.12s4d −0.10s2d −0.16s2d
Heff kOe 433(1) 402(2) 309(4) 230(2) 166(3)

Int. 2 % 17(4) 11(4) 9(3) 9(2) 11(3) 11(3) 11(3)

IS. mm/s 0.47(4) 0.40(9) 0.32(9) 0.34(8) 0.44(12) 0.35(10) 0.40(10)

« mm/s 0.01(4) −0.05s5d −0.23s9d −0.24s8d −0.1s1d −0.16s8d −0.20s5d
Heff kOe 472(5) 461(9) 452(9) 462(9) 429(9) 393(8) 372(9)

Int. 3 % 19(4) 19(4)

IS mm/s 0.30(4) 0.35(4)

« mm/s 0.28(6) 0.27(4)

Heff kOe 362(4) 327(4)

P. Int. % 4(1) 9(4) 19(2) 89(3) 89(3)

IS. mm/s 0.39(7) 0.44(7) 0.31(2) 0.35(3) 0.31(4)

« mm/s 0.42(5) 0.37(3) 0.47(3) 0.43(3) 0.40(4)
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nucleus, while the major part becomes magnetically ordered
only below,80 K. In Fig. 9 the temperature dependences of
the magnetic hyperfine fields of the two subspectra and the
total magnetic fraction are shown. One notices that the119Sn
Mössbauer spectra yield almost the same information as the
57Fe Mössbauer spectra, only with less accuracy due to the
inherently broader lines, smaller hyperfine fields(transferred
hyperfine fields), and the presence of the SrSnO3 impurity.

V. DISCUSSION

Without a detailed magnetic structure from neutron dif-
fraction studies, it is difficult to determine the exact nature of
the magnetic structure in the Ru-1222 system. However to
account for the magnetic properties of the Ru sublattice we
consider the following facts. Figures 2 and 3 show that for
the Al doped Ru-1222 materials the SC and the non-SC ma-
terials have basically the sameTM, HC, andMsat. This means
that the SC state(which is confined to the Cu-O layers) and
magnetic state of the Ru sublattice are practically decoupled
from each other. On the other hand, for the material with
5 at.% of Sn4+ ions, a significant shift is observed in the

major peak position(about 40 K) and both the minor peak in
the ac susceptibility curve andTM are lowered by 15 K from
the parent compound. We suggest a general picture in which
all doped and undoped materials have basically a similar
magnetic structure, which is not affected by the presence of
nonmagnetic ions in the Ru site. Our magnetic measurements
exhibited in Figs. 1–5, are compatible with our qualitative
model (A). In this scenario,all the Ru ions behave in the
same manner as follows:(i) The small peak observed in Figs.
1 and 4 indicates that at low applied fields the Ru sublattice
becomes AFM ordered atTM s160–170 Kd. At high mag-
netic field, the Ru moments are realigned through a spin-flip
process, to form the AFM-like shape hysteresis loops ob-
served belowTM;7,10 (ii ) at TM2 s80–100 Kd, a W-FM order-
ing is induced, which originates from canting of the Ru mo-
ments, which arises from the fact that the RuO6 octahedra tilt
away from the crystallographic c axis.3 The FM-like hyster-
esis loops obtained at low temperatures are also consistent
with W-FM order in this system. To emphasize this point, in
range(i) the AFM hysteresis loops are induced by the ap-
plied fields whereas, in range(ii ) the FM like hysteresis
loops are caused by the crystallographic effect; and(iii ) at
TC=20–40 K, SC which is confined to the CuO2 layers, is
induced. BelowTC, both SC and W-FM states coexist and

TABLE II. Hyperfine interaction parameters of the Mössbauer subspectra of 1%57Fe in
RuGd1.5Ce0.5Sr2Cu2O10, at room temperature. Sign of« is not determined.

Site Intensity Linewidth Isomer shift «

% mm/s mm/s mm/s

1 57 0.32(2) 0.275(5) 0.480(5)

2 14(4) 0.40(5) 0.31(3) 0.29(3)

3 29(5) 0.58(5) 0.21(1) 0.69(2)

Average 0.41(5) 0.26(1) 0.51(3)

FIG. 7. Temperature dependence of the hyperfine fields and total
magnetic fraction for 1%57Fe doped in RuGd1.5Ce0.5Sr2Cu2O10.

FIG. 8. Mossbauer spectra of 2%119Sn doped in
RuGd1.5Ce0.5Sr2Cu2O10 at various temperatures.
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the two states are practically decoupled. Model A is also
supported by electron spin resonance(ESR) studies.11 The
phase separation model(B) described above,4–6 cannot be
reconciled with the reopening of hysteresis loops aboveTM2,
and as a result does not account for the peak observed inHC
(Figs. 3 and 5) in both systems studied. According to this
scenario, the hysteresis loops opened atTM would remain all
the way down to low temperatures andHC would increase
continuously, or at least remain constant.

On the other hand, our detailed MS analysis presented
here(Figs. 6–9) indicates with little doubt the occurrence of
a second magnetic phase atT.TM2, inconsistent with model

A. This is also supported by muon spin rotation studies.12 A
possible reason for this second phase is the inhomogeneity of
the oxygen content across the sample. We offer therefore a
third scenario(C), which is based on the two(A) and (B)
models, and is consistent with our present observations. We
propose that atTM ,160 K, a nanoparticle minority fraction
s10–20%d of the material starts to order magnetically as a
slightly canted AFM, displaying hysteresis loops. When the
temperature is lowered, the AFM alignment of the spins
strengthens, andHC goes through a maximum around 120 K,
and then decreases toward lower temperatures. The majority
fraction becomes W-FM ordered atTM2 and displays the
typical FM-like hysteresis loops. AtTC,30 K the whole
system becomes superconducting. This picture is consistent
with our magnetization and MS studies, as well as with the
recent smSRd studies.12 All the previous magnetization
studies4–6 and ESR studies11 can also be accommodated
within this approach. Since the oxygen content of the sample
affects the phase separation and magnetic structure and also
the distribution of the iron probe environments, it is not sur-
prising to find a rough correlation between the three MS sites
in the magnetically ordered temperature region to those three
sites found in the paramagnetic region, Tables I and II.

FIG. 9. Temperature dependence of the hyperfine fields, and
total magnetic fraction(reaching only 75% due to the nonmagnetic
impurity present in the sample).

FIG. 10. Temperature dependence of the magnetic fraction in
the Mössbauer spectra reported in Refs. 1 and 9.

TABLE III. The hyperfine interaction parameters derived from the analysis of the Mössbauer spectra of 2%119Sn in
RuGd1.5Ce0.5Sr2Cu2O10. The IS of site 3 is that of site 1.

Temp Int. 1 IS. « Int. 2 IS. Int. 3 « Heff

K % ±3 mm/s ±0.03 mm/s ±0.04 % ±3 mm/s ±0.02 % ±3 mm/s ±0.04 kOe ±4

4.2 9 0.26 0.56 21 0.26 70 −0.17 35

30 12 0.31 0.6 21 0.25 67 −0.27 27

50 6 0.31 0.65 25 0.32 73 −0.16 24

70 31 0.31 0.7 30 0.27 39 −0.14 24

80 40 0.31 0.74 24 0.26 36 −0.07 22

86 68 0.3 0.75 23 0.19 9 −0.05 36

100 70 0.26 0.74 23 0.17 7 −0.04 34

120 74 0.26 0.75 22 0.17 4 −0.07 34

150 78 0.26 0.75 22 0.17 0

200 77 0.24 0.71 23 0.13

300 77 0.21 0.73 23 0.11
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Another noteworthy point is that the57Fe MS data here
presented, differ only slightly from those published in our
previous publications.1,9 It is well accepted that the SC and
magnetic properties of the Ru-1222 system depend strongly
on theR/Ce ratio and on the oxygen concentration. The later
is very sensitive to the preparation conditions and differs
from sample to sample. The ratio Gd/Ce here is 3, whereas
in Refs. 1 and 9 it was 2.33. Moreover, the slightly different
preparation conditions as well as the Fe concentration, all
may lead to a change in oxygen distribution in the local
environment around the Fe ions as probes. As a result, the
minor fraction concentration as detected by the Fe probe was

different in Refs. 1 and 9,,30%, Fig. 10, led to an interpre-
tation of the spectra, different than that presented here. In
fact an analysis of the old spectra1,9 with the assumptions
made for the analysis of the present spectra(presence of two
to three subspectra) led to much better least-squares fit re-
sults than those presented originally.1,9
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