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Eu and Sn Mossbauer spectroscopy was used to
study EuBa,(Cu Sn_)-0 metallic oxjdes.
ThTVspectr% aré“éha§aétgf¥stic for EuTi? and

Sn states in all cases. The existence of at
least two different Sn states was determined by
decomposition of the Sn Mossbauer spectra. These
Sn sites can be associated with nonequivalent Cu
sites replaced by Sn atoms in the perovskite type
lattice. Anomalous changes were observed in the
isomer shifts and area fractions in the spectra
measured at room temperature and at 77 K. It can
be interpreted assuming low temperature phase
transformation and phonon softening. Time dependent
changes were found in the Sn spectra recorded at
77 K in the case of highest Sn concentration.

The observed changes are consistent with a
transitional stage of the low temperature phase
transformation.

Introduction

High-T . superconductivity has already been found in case of
several metdllic oxide materials [1—5]. A specially high T _ could
be observed in the EUBaZCu 0 material [ 1]. The conditiofs of
the sample preparation weré 16Xnd to strongly affect the electronic
and magnetic properties of this class of compounds [1,2 .
Additionally, the as-prepared superconductors often loose theirc
superconductivity after a certain time [4,5].

In the structure model of these perovskites the position of
the rare-earth element (e.g. Eu) was found to be between Cul,
layers[ 6]. Only very slight differences could be observed ifi
the X-ray diffraction patterns due to the modification of prepara-
tion circumstances of the same sample( 1].

It is possible to get informations about the surroundings and
states of the atoms through the hyperfine interactions by mears
of Mossbauer spectroscopy by replacing Eu, Fe, Co, and Sn atoms
into superconducting cuprates.

In our previous Mdssbauer study of EuBa,Cu,0 perovskite [7]
we found time dependent changes in the Eu Mbgnhgu$5yspnctra recorded
at 76 K. In order to better understand this behaviour, we replaced
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the Cu atoms partially by Sn atoms.
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kind of changes in this perovskite:

i.) A time dependence of Eu state. The spectrum in Fig. 1/b
(representing two unusual Eu states) can be associated with a meta-
stable state in which electron hopping process Llakes place [7

ii.) An anomalous temperature dependence of the isomer shift.
Comparing the isomer shifts measured at room temperature and at
temperature of liquid nitrogen we found a significant difference
opposite to the temperature shifts. It reflects different chemical
states of Eu atom at 300 K and at 76 K. Consequently, this anomalous
change (which could be reproduced on several samples) indicates a
low temperature phase transformation (similar to that found in the
case of Ir of 40 K superconductors [9]).

Table 1.

5 559 5 S
S5ome Mossbauer parameters of [”an(cnl~x”“x)”7-y
Mossbauer Measuring Isomer shift Nuadrupole
- X temperature splitting
B o mm/ s mm/ s
1 ley 0 300 0.0
1e, 0 76 0.74
131 0.05 300 0.805
olpa 0.05 77 K 0.73
119 0.03 0
on 9. 28 7K 0.14 0.75

e . . 119 .
Similar behaviour could be observed in the Sn Miossbauer

spectra of F”HHZC”2.9S”U.IU7—y metallic oxide, too.

In the EuBa,(Cnl Sn_),0 type compounds the Sn can occupy
both Cu sites. If is 18 afcordatce with the optimal decomposition
of Sn spectra (Fig. 2) which resulted in three lines. From these
lines the outermost ones proved to be 2 quadrupole doublet [4]
representing Sn atoms being in Cu(l) sites of the perovskite lattice.
The central singlet is attributed to Sn atom in Cu(2) position.

" 119, - i )
Fig. 2. Sn Mossbauer spectra

of EuBaz(Cu”.nSn”.2)5n7_y

sample recorded at 77 K.
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119 p A v
1 Sn spectra indicates GSn valence

Both isomer shifts in
states.

The temperature dependent changes in the line positions also
support the existence of the low temperature phase transformation.
Our conclusion is in fair agreement with that of Dunlap et al. [ 9 ]

who found similar phenomena in case of a superconducting compound of

<
(Lal.BSSFU.BS)(C”U.95°”U.OS)'119

The area fractions of Sn spectra exhibited an anomalous
temperature dependence. It can be understood by supposing a decrease
in the Debye temperature at 77 K. It can be considered as a phonon
softening which was also found by others [ 92,10 ] in superconducting
materials.

We obs ed also metastable states in FuBa,Cu Sn 0
cuprate by TT§Sn Mgssbauer spectroscopy [ 8]. This dovdecVatidnYcould

be reproduced. Results of such a reproduced experiment are
illustrated in Fig. 3, which shows the changes in the Sn Mossbauer
spectra (recorded at 77 K) taken 12 h, 24 h, 36 h, and 48 h aflter

a resintering process. No similar changes could be observed at

room temperature. The time dependent changes of the Mossbaver para-
meters can be seen in Fig. 4.

Transmission

0
v (mm/s)

Fig. 3. 1198n Mosshauer spectra of Lhe resintered [an,Cu2 lSn“ 6”7—y
recorded at temperature of liquid nitrogen 12 h (a), 24 h (L), :

36 h (c),and 48 h (d) after the resintering of sample (920 nC/IAh +
420 °c/an).
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Fig. 4. Time dependence of
line positinnTlgnd area
fractions of Sn Mossbauer
doublet lines after the
resintering of sample

EUB“Z(C“U.85n0.2)5U7-y'

Additional phases (e.g.
Sn0,) can be excluded based on
the“consideration of the
corresponding X-ray results as
well as the carefully evaluated
Mossbauer spectra.

To explain our findings a
model was proposed involving an
extraordinary tin position near
to the Fu atom (Fig. 5) [8)

The time dependent changes are
consistent with the considera-
tion that the extraordinary Sn
atoms at 77 K are in a
transitional stage of low

the change of Mdssbauer para-
these extraordinary tin atoms

gradually occupy the regular Cu(2) sites [ﬂ.

Fig. 5. Ctructure model of
EuBaz(Cul_XSnxU7_y) perovskite.

Metastabil Sn position assumed
at temperature of liquid
nitrogen in
EUBaZ(CUU.85n0.2)307—y
included. Regular Cu(1l) and Cu(2)

positions can be replaced by
Sn atoms.
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The time dependent changes of parameters are consistent with the
consideration that the extraordinary tin atoms at 77 K are in a
transitional stage of a low temperature phase transformation.

gyl Il state could e detected in each sample.

Fig. 6 shows the Eu Méssbauer spectra, recorded at 300 K (a)
and at 77 K (b), of sample of EuBa.,Cu 9Snn 07 The evaluations
confirmed the existence of low temgergture b*aséytrnnsformatinn,
indicating anomalous changes in the line positions as a function of
temperature.

151

c Fig. 6. Fu Massbauer

2 spectra, recorded at 300 (a)
2l and 77 K (b), of sample of

b EuBa,(Cu Sn VD .
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The line width of the 151Eu spectra increased with increasing
5n content of the samples. It can be explained in terms of modified
quadrupole interaction influenced by tin atoms.
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