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The substitution of Cu by Fe in the YBaéCul_xFex)3Qy super-
conductor induces different effects above and below x =0.0l, as
seen by DC magnetization and MUssbauer measurements, despite the
fact that the X-ray diffraction still shews the . -orthovhombic :
structure. Two iron species associated with doublets D1 and D2
‘are assigned to the occupation of Cul sites with different oxygen co
ordihation, their isomer shift values are cqnsistent . with a
Fe+4 high spin configuration. The M8ssbauer spectra obtained,
in air, at fixed temperatures from 25 C until 298 C revealed a clear
modification of the relative intensity of Dl and D2 before the
formation of the iron species related to the oxygen  deficient

phase.

Key-words: Superconductivity; MUssbauer spectroscopy; Iron in
ceramics; Oxides; Magnetic ordering.
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1 INTRODUCTION

Since the discovery of H-Tc superconductor oxides (Lal_xBax)2
CuO4 and YBaZCuao? an intense effort has been made to understand
their properties, particularly the substitution of impurity ions
in various lattice sites has been extensively studiedl. The dis-
- coﬁery of BiBaCaCuzox superconductor oxide confirmed the ..impor-+
tance of CuOy clusters for the H-Tc values. Consequently it is
. of great importance to understand how impurity ions are: sbabhilized
in Cu sites to propose mechanisms for the observed deplection of
Tc.

The substitution of Cu by Fe in the YBathul_xFex)BO? . super-
conductor oxide induces different effects above and below x.=0.01
as has been already reported by M8ssbauer -and DC. magnetization
studieéz. The results obtained for the substitution of Cu ions
by $’Fe has been reported by several authors and the results are
not consistent since; in most cases, both the samples and the in-
terpretation of the M8ssbauer spectra are different3. The most
crucial point concerns to the presence of a doublet with 2.0mm/s
quadrupole splitting, characteristic of low iron concentration in
the YBaCu306 oxygen.deficient phase, which has been attributed to
iron in Cu2 site.

In our early publication2 we proposed the preferencial occupa
tion of Cul site by iron; this was recently confirmed by neutron
and electron diffraction experiments4.

In order to obtain information about the possible oxygen con-
figuration fo; the iron species observed at room temperature which:
can depend on the preparation pnxﬂdnm\masﬂxﬂsd,g;Fez YBa,Cu
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samples at high temperatures.
2 EXPERIMENTAL

Several samples of YBaZCu307 were prepared with Cu partially
substituted by Fe(x ﬁO.QOl, 0.005, 0.01, 0.03 and 0.10). A mix-
ture of.appropriate amommts of Yzoa,.Bacog{ Cu0 and Fezo3 (94.5%
enriched in Fel, were cold pressed; sintered in.O2 atmosphere for
15h at 970 C and cooled down to room temperature at 50 C/h. After
crushing ahd cold pressing, samples were annealed at 500 C in 02
atmosphere for 12 hours. X-ray studies showed a single orthor-
hombic 'structure up to x =0.1 Fe. The absorbers for ~ M&ssbauer
transmission experiments were p;epared from ° powdered materials.

For the high temperature studies the samples were kept in
an Elscint oven with ceramic sample holder. Typical run for a
sample with x =0.005 was of 10 hoursg, Normal. air pressure was
used in order to avoid the reduction of oxygen content from the
sample. The 50mCi 57Co/Rh MBssbauer source was kept at room tem

perature during high temperature measurements.
3 . RESULTS AND DISCUSSION

The variation of the transition temperatures T¢ induced by
iron impurities in YBazcu307 oxides is presented in Fig. 1. From
this results it is clear that to study the superconductive_'phase
it is important to analyse samples with Fe content below x =0.01,

since above this value the superconductive transition. is perturbed
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From.ﬁhe MUssbauer' spectra obtained at room temperature for-
X <0,01 (Fig. 2) three doublets can be defined: DL(ISl =0.17mm/s,
QS1 =1.55mm/s), D2(IS2 =0.3mm/s QS2 =1.30mm/s and D3 (IS3 =0.20mys,
Q83 =0.28mm/s). The doublets D1 and D2 which dominate the M8s
shauer spectra, are sensitive to the oxygen content of the samples:
they both transform mainly to a doublet Dy (I8, = 0.06mn/s, Qs =
2.00mm/s} when the YBaszul_xFex%ﬂ6 phase is prepared either by -
quenching the sample from 1000C or by annealing in Ar aumsguﬂez.

The Fe species associated with doublets D1 and D2 are at-
tributed to the occupation of Cul sites with different oxygen
coordination, their isomer shift are consistent with a Fe+4 high
spin configuration, that can be stabilized only if an additional
oxygen is fixed by Fe in the Cul plane. For a better understanding
of the differences between both we determine the behavior of D1
and D2 in air under temperatures of 23C to 300C; the upper limit
was taken to avoid the decrease of oxygen content with the con=-
sequent formation of bT.

The MBssbauer spectra obtained for some - temperatures are
shown in Fig. 3. They were fitted assuming equal intensities
and linewidth for éach pair of lfnes:whiéh form the three doublets,
The analysis 6f the Mbssbauer data at different temperatures in-
dicate a small. decrease of the quadrupdle interacticns for D1l
and D2 for higher temperatures, possibly due to avariation of lat
tice parameterss.

The most important result is that the relative intensity of
the iron species corresponding to D2 increases with temperature
at expenses of‘the species corresponding to Dl. This is an extra

confirmation of the correlation already observed. between this
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two iron épecies..

This modification :: in the intensities is partially reversible
when the sample is cooled down in air. The behaviot of the
species corresponding to Dl which decreases intensity with in-
c¢reasing either Fe concentration or temperature is also d&bserved

for twinnings in similar systemsa’s

. Combining = these . :results
with the fact that DZ has always broad lines we suggest that it
corresponds to iron in Cul site with én'extra'oxygen which has
a distribution in position, while the D1 corresponds to iron at
Cul sites with“oniy 4 oxygen coordination. The assignement for
D3 is still not defined.

Further experiments are being performed,now.h102 atmosphere,

to achieve better understanding on these peoints.



CBPF-NF-077/88

FIGURE CAPTION

Figure l: The DC magnetization measurements for different iron
concentrat:.o.ps. in YBa, (Cul_'xFex) 40, samples.

Figure 2: M8ssbauer spectra YBaz'(Cul_xFéx} 30_) -samples at room
temperature for: alx =0.001, bjx =0.005 and c)x =0.01.

Pigure 3: MBssbauer spectra for YBa.2 (.CuD.'gg SF%.OO'S)SOT cbtained

at the indicated temperatures.
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