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Abstract

A series of YBa,(Cu,_,Fe,),0q, s samples with x = 0.00625, 0.0125, 0.01875, 0.025 and 0.05, were synthesized and
characterized by resistance vs. temperature measurements, X-ray diffraction and by Mossbauer spectroscopy. In order to
make the site assignment for the Fe atoms, a Rietveld refinement of the X-ray spectra was performed and a point charge
calculation of the quadrupole splitting for all the possible oxygen environments around the two Cu sites was carried out,
taking into account the two possible ionic states of the iron atoms that occupy those sites. We found that, for low level iron
concentrations, the Fe atoms occupy only the Cu(1) sites of the structure in a fivefold pyramidal coordination, with the
apical oxygen atom placed along the a-axis between the double chains of the unit cell. The presence of these extra oxygen
atoms in the crystal structure could be related to the rapid T reduction as iron concentration increases. © 1998 Published by
Elsevier Science B.V. All rights reserved.

PACS: 74.25; 74.10; 74.62; 76.80
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1. Introduction with a double Cu-O chain (ribbon), instead of a
single one, along the b-axis of the unit cell. The
positions of the Cu atoms in adjacent Cu—O chains
differ by b/2 along the b-axis [1]; this fact leads to
alonger ¢ parameter of 2.725 nm and to a reduced
orthorhombicity of 0.8% [6]. These crystal structures
alow for two different Cu sites: Cu(1) with fourfold
planar coordination along the chains, or ribbons, and
Cu(2) in the CuO, planes with a fivefold pyramidal
coordination. There are, however, two important dif-

* Corresponding author. ferences between both systems: in the first place, the

Since the discovery of the YBa,Cu,O4 supercon-
ducting phase (1:2:4) as a lattice defect in
YBa,Cu,0,_, (1:2:3) [1,2], extensive studies have
been done in order to accomplish bulk synthesis at
high oxygen pressures [3,4] and also at ambient
pressure [5]. It is now well known that the 1:2:4
crystal structure is closely related to that of the 1:2:3,
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superconducting transition temperature, T, of 1:2:4
is lower (80 K) than the one in 1:2:3 (90 K);
secondly, in contrast to the high oxygen mobility in
1:2:3, the oxygen content in 1:2:4 is stable (up to
850°C) due to the fact that the oxygen atoms in the
double chain are bonded to three Cu atoms instead of
two, as in the 1:2:3 structure. As a consequence,
both the well known second order orthorhombic to
tetragonal phase transition [7] and the superconduct-
ing to antiferromagnetic transition observed in 1:2:3
as the oxygen content is lowered, are absent in 1:2:4.

Just as in other high-T. superconductors, in the
1:2:3 and 1:2:4 phases the substitution of Cu atoms
by other transition metal atoms, such as Fe, Zn, Ni
and Co, produces a T, degradation [8,9]. The precise
mechanisms of why this phenomenon occurs are still
not well understood, and several proposals have been
made. These range from purely electronic mecha
nisms [10] that involve a modification in the charge
transfer from chains to planes, to magnetic pair
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breaking when Cu atoms are substituted by magnetic
3d metd atoms [11].

In particular, when a fraction of the Cu atoms is
substituted by Fe atoms, Mossbauer spectroscopy
becomes an important tool in the study of the local
electric and magnetic environment of the Cu sites
where the Fe atoms are expected to reside. Addition-
aly, this technique is capable of giving information
of their charge and spin states.

In relation to the Mossbauer parameters (MP) of
the observed features in the spectra of the
YBa,(Cu,_,Fe,),0Oq, 5 System, severa researchers
[12—-14] do not agree either as to their values or to
the site assignments made. The aim of thiswork isto
try to clarify the sites occupied by the iron atoms in
the 1:2:4 system and how they affect its structure
and transport properties. We present resistance vs.
temperature measurements, X-ray diffractograms and
Mossbauer spectroscopy results for YBay(Cu,_,-
Fe,),0q. 5 samples with different iron concentra-
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Fig. 1. (@) Normalized resistance vs. temperature of YBa,(Cu, _, Fe,),Oq, 5 samplesand (b) T, variation with iron concentration x.



T. Akachi et al. / Physica C 301 (1998) 315-325 317

tions (x=0.00625, 0.0125, 0.01875, 0.025 and
0.05). A Rietveld analysis [15] of the structure was
performed, as well as a point charge calculation for
all the possible oxygen environments around the two
Cu dites, taking into account the two possible ionic
states of the iron atoms that occupy those sites.
Having this information, a site assignment for the Fe
atoms is proposed.

2. Experimental

To synthesize our samples we used a combined
method that consists of the following steps: (a) pow-
ders of 99. 999% pure initial reactants Y,05, BaCO,,
CuO and *'Fe,0, were mixed in stoichiometric
quantities, diluted in 10 ml of 96% nitric acid and

heated until all the liquid evaporated; the resulting
green paste was fired at 700°C in air to obtain small
grain (1-10 um) precursors. (b) The calcinated
powders were mixed with sodium nitrate (20% in
weight) as catalyst to accelerate the reaction, pressed
into pellets, heat treated at 800°C during 20 h in
flowing oxygen and slowly cooled (0.5°C/min) to
room temperature. The heat treatment was repeated
a least twice and high purity 1:2:4 phases were
obtained.

The crystallographic phase identification of the
samples was done with an X-ray diffractometer us-
ing Cu-K_, radiation. The lattice parameters were
determined indexing the (0014), (020) and (200)
peaks of the X-ray spectra and aso by a Rietveld
refinement of the same spectra. It is worth mention-
ing that the lattice parameters calculated by both
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Fig. 2. X-ray diffractograms of the five samples.



318 T. Akachi et al. / Physica C 301 (1998) 315-325

27.25 4.2
—~ o 7.7(: 7
< AN —* b 5 -
N— .h.\ A A 4 0 - \I
£ 27.207 "~ a x Toa
o ©
5 27.15 ‘©
o A )
o) 1 1 3.6 -
S 3.881 2
= [ S}
— 3871 { €34 -
@)
3.867 <
' 2
3.851 | €327
sggd—aa—— | ©°
) ¥ T ¥ T ¥ T T T T 30 T T T T T T T T T
0.00 0.01 0.02 0.03 0.04 0.05 0.00 0.01 0.02 0.03 0.04 0.05
Iron Concentration (x) Iron Concentration (x)
(a) (b)

Fig. 3. (&) Crystal lattice parameters and (b) orthorhombicity as a function of iron concentration x.
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Fig. 4. Rietveld refinement on the X-ray diffraction pattern for the x = 0.0125 sample. Experimental spectrum (dots), calculated pattern
(continuous line), their difference (middle pattern) and the calculated peak positions (bottom).
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procedures are essentially the same. The supercon-
ducting transition temperatures were determined
measuring the resistance vs. temperature curves, by
the standard four probe technique, in a closed cycle
helium refrigerator. Room temperature Mossbauer
spectra were recorded in transmission geometry with
a constant acceleration spectrometer, using a °'Co in
Rh source. The spectra were fitted with a constrained
least squares program.

3. Results

Fig. la shows the normalized resistance as a
function of temperature of our samples. As expected,
T. decreases with increasing iron concentration and
superconductivity is suppressed for x > 0.03. Fig. 1b
shows the rate at which T, diminishes with increas-
ing iron doping; this rate is faster than in the 1:2:3
phase [16,17]. The temperature for zero resistance of
the sample with x = 0.0250 (in Fig. 1a) is an extrap-
olated value, and it is indicated as a solid square in
Fig. 1b.

Table 1
Rietveld refinement results for the YBa,(Cu, _,Fe,),Oq, 5 Struc-
ture with x = 0.0125

Atom X Y Z B N

Cu o 0 0.212%(1)  1.5(1) 1.936(3)
Fe() © 0 021291  1.5(1) 0.048(2)
Cu2 o 0 0.0622(2)  2.3(1) 1.984(1)
Ba 1/2  1/2 013491 0894  1.9360(5)
Y 1/2 1/2 0 0.4(1) 0.9560(6)
o o0 0 0.2158(5)  1.5(1) 2.0000
o2 1/2 0 0.0515(5)  0.8(5) 2.0000
od o0 1/2 0.05095) 0.8(5) 1.760(5)
o4 0 172  014195) 0.89(4)  2.0000
o(5) 172 0 0.221(2) 1.5(2) 0.536(6)

B (in A2) and N are the isotropic thermal and occupancy parame-
ters. The resultant reliability factors were: R,, =5.99%, Rg =
3.22%, Rp = 4.76%, Rg = 3.77%. The space group is Ammm and
the calculated crystal parameters (in A) are: a=3.8419(1), b=
3.8730(5) and c= 27.2104(2). Numbers in parentheses are esti-
mated standard deviation of the last significant digit.

The main features of the X-ray diffractograms
(Fig. 2) correspond to the 1:2:4 structure but, for
x = 0.0125, faint features related to BaCuO, appear.
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Fig. 5. Rietveld refinement on the X-ray diffraction pattern for the x = 0.05 sample. Experimental spectrum (dots), calculated pattern
(continuous line), their difference (middle pattern) and the calculated peak positions (bottom). The two series of lines of the calculated peak
positions correspond to the 1:2:4 (the one above) and 1:2:3 (the one below) structures.
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Table 2
Rietveld refinement results for the YBa,(Cu, _,Fe,),Oq., 5 Struc-
ture with x = 0.05

Atom X Y z B N
Cul) o 0 02121(3)  1.3(8) 1.8248(3)
Fe() O 0 0.2121(3)  1.3(8) 0.1128(3)
Cu2 o0 0 0.0633(2) 1.1(1) 1.928(2)
Ba 1/2  1/2 0.1352(2) 0559  1.8424(1)
Y 1/2 12 0 0.8(3) 0.9584(1)
oD 0 0 0.2214(1)  1.3(8) 1.7624(1)
02 1/2 0 0.0634(1)  1.2(7) 2.0000
o3 0 1/2 0047220 1.2(D) 1.7184(1)
o(4) 0 1/2  01401(8) 0.55(9)  2.0000
o(5) 1/2 0 0214720  1.3(8) 0.8736(1)

B (in A?) isthe isotropic thermal parameter and N the occupancy
number. The resultant reliability factors were: R, = 6.64%, Rg
=6.41%, Rp=502%, and Rg =4.05%. The space group is
Ammm and the lattice parameters (in A) are. a= 3.8466(1),
b=3.8737(1) and c=27.1492(9). Numbers in parentheses are
estimated standard deviation of the last significant digit.
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For x=0.025 additiona peaks corresponding to
Y,Ba,Cu,0O; (2:4:7) and CuO impurities are also
detected. When x = 0.05, the relative intensity of the
CuO impurity increases, the 2:4:7 phase features
disappear, and new peaks corresponding to the 1:2:3
phase are detected.

For x= 0.0, the characteristic triplet of the or-
thorhombic structure appearsat 20 = 47°. Using these
peaks to measure the a, b, c lattice parameters
variations as a function of iron concentration x we
observe that the b-parameter remains essentially con-
stant, the a-parameter dlightly increases and the c-
parameter decreases (Fig. 3a). The orthorhombicity
(b—a)/(b+ a) as afunction of x is shown in Fig.
3b, where a tendency to tetragonality can be ob-
served. This last result qualitatively agrees with re-
cent measurements of the lattice parameters [18,19]
that also show this tendency; however they find that

Relative Absorption

-3 . -2 | l1 | (l) | 1 . 2 . 3
Velocity (mm/s)
(b)

Fig. 6. Mossbauer spectra of the (a) x = 0.0625 sample and (b) 0.05 sample.
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Table 3
Mossbauer parameters of the five samples
X 1Sy AQa )N ISg AQg I' IS¢ AQc Ic ISp AQp I'y

0.00625 0.32 0.78 0.28
0.0125 0.32 0.78 0.28
0.01875 0.32 0.79 0.29
0.025 0.30 0.77 0.26 0.07 1.98 0.35 0.002 0.99 0.31 0.02 0.50 031
0.050 0.30 0.79 0.31 0.07 2.02 0.33 —0.06 0.91 0.32 -0.07 0.56 0.27

The isomer shift is with respect to iron and al the figures are in mm/s.

an iron induced orthorhombic to tetragonal transition
takes place at around x = 0.05.

Rietveld analyses of the samples were done taking
into account the different Cu sites where the Fe
atoms can go, allowing for the possibility of extra
oxygen atoms in two different positions in the struc-
ture: O(5), between two adjacent ribbon planes in
front of a Cu(1) site, along the a-axis, and O(6),
between the two adjacent CuO, planes above a
Cu(2) site, along the c-axis. In Fig. 4 we present the
X = 0.0125 results, as representative of the three low
concentration samples, which give place to a single
quadrupole doublet in their Mossbauer spectrum (see
below). In similar way, Fig. 5 shows the results of
the x=0.05 sample, representing the two samples
with four quadrupole doublets. In these figures we
show the experimental spectra (dots), the calculated
patterns (continuous lines), their difference (middle
patterns) and the calculated line positions (bars). In
x = 0.05 sample, the refinement was done consider-
ing an admixture of 1:2:4 and 1:2:3 structures, and
the two rows of calculated lines shown in Fig. 5
correspond to this assumption. Tables 1 and 2 show
the structural parameters, occupation factors, and
disagreement factors obtained from these refine-
ments. In these tables, O(1) refers to the oxygen
atoms along the ribbons, O(2) and O(3) to the oxy-
gen atoms in the pyramid base along the a-axis and
b-axis, respectively, and O(4) to the oxygen atomsin
the Ba atoms plane; O(6) is not included in the tables
because its occupation number resulted essentialy
Zero.

Fig. 6a and b show the Mosshauer spectra for
X=0.00625 and 0.05, and Table 3 the Mdsshauer
parameters of the five samples. Each of the spectra
for the three lower iron concentrations consist of a
single quadrupole doublet, labeled A in Fig. 6a

whose parameters (quadrupole splitting AQ, isomer
shift IS and line width I') remain essentially con-
stant (see Table 3). However, the spectra of the two
higher iron concentration samples become more
complex and they can only be fitted with four
quadrupole doublets, labeled A, B, C and D in Fig.
6b, the most prominent of which (A) corresponds to
the single doublet observed at low iron concentra
tions.

4. AQ calculations

The experimental Mossbauer parameters of the
quadrupole doublets associated with iron in the Cu(1)
sites of 1:2:3 correspond to a high-spin Fe** state
[20] and, consequently, the electron charge distribu-
tion has spherica symmetry; hence, there is no
contribution of the valence electrons to the electric
field gradient (except for polarization effects). This
fact suggests that a simple point charge calculation
would suffice for an order of magnitude value of
AQ. It is worth mentioning that even rigorous calcu-
lations of the quadrupole splittings when magnetic
atoms substitute copper atoms in high-T, supercon-
ductors, normally give values that do not agree with
the experimental ones [21,22]. Notwithstanding this
fact, AQ calculations are normally a good guide to
interpret different quadrupole doublets in a complex
spectrum. With this in mind, we carried out a smple
point charge calculation, in which the (antishielding)
Sternheimer factor is taken as a parameter to be
fixed by the experimental AQ values, for al the
possible oxygen environments around the Cu(1) and
Cu(2) sites in the 1:2:3 and 1:2:4 structures.
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Table 4
Quadrupole splitting calculation for different iron environments

YBa,(Cu, _,Fe,);05, Fe®™ in Cu(1) sites

YBa,(Cu,_,Fe,),05, 5, FE®" in Cu(1) sites

Coordination AQ AQ(1l—v)=16.6 Coordination AQ AQ1l—1vy)=66
2 0.30(1 — y,) 1.980

3 0.26(1 — ) 1.716

4 planar 0.29(1—v.) 1.914 4 planar 0.28(1—v,) 1.848

4 non planar 0.17(1 — ) 1.122

5 (pyramidal) 0.17(1—v,) 1122 5 (pyramidal) 0.14(1 - v,) 0.924

6 (octahedral) 0.02(1 — ) 0.132 6 (octahedral) 0.02(1—v,) 0.132

Fe(l1) or Fe(l11) in Cu(2) sites

Fe(ll) or Fe(l11) in Cu(2) sites

Coordination AQ AQ(1—)=32

Coordination AQ AQ(1l—y)=32

5 (pyramidal) 017 (1 - %) 0.544

5 (pyramidal) 0.18(1— 7)) 0.576

The components of the electric field gradients are
caculated as [23]:

Vij= ZQk(?’Xi,ka,k - rl<28ij)r|(_5a
k

where g, are the ionic charges around the site where
the electric field gradient is being calculated (the
origin), x; , their rectangular coordinates in the prin-
cipal axes system, and r, their distance to the
Mossbauer atom (the origin). The magnitude of the
quadrupole splittings are calculated as:

342
1+ L

3
where Q is the quadrupole moment of the nucleus,
1=V, —V,,)/V,, isthe so called asymmetry pa-
rameter and v, is the Sternheimer factor [24,25]. In
Table 4 we show the calculated values of AQ around
the Cu(1) and Cu(2) sites of both structures. In our
calculations we used the value of Q=0.16 b, re-
cently determined by Dufek et al. [26] using an ab
initio calculation based on linearized-augmented
plane-wave band structure method.

(1- %),

1
AQ= 2 aqQVv,,

5. Discussion

Besides the evolution of the Mosshauer spectra as
X increases and the Rietveld analysis results on the
crystal structure, three more facts must be taken into
account in order to make the site assignment of the
iron atoms in the structure: (a) the degradation rate

of T. (b) the tendency to tetragonality and (c) the
destabilization of the ribbons into single chains
[27,28], all as a function of increasing iron concen-
tration. Because of this last fact, the 1:2:3 Cu(1) sites
have to be considered in our anaysis. In relation
with these three aspects, we present the observations
below.

(a) Due to the fact that the charge carriers respon-
sible for superconductivity reside on the CuO,
planes, the faster degradation rate of T, with increas-
ing iron concentration suggests Cu(2) site occupancy
of the iron atoms. However, as we will see latter, our
results indicate that this is not the case.

(b) 1t is difficult to explain the tendency to tetrag-
onality of the crystal structure if the iron atoms
substitute in the Cu(2) sites, because, due to the
symmetry of these sites, any possible changes in-
duced by the iron atoms would affect in the same
proportion the a-axis and b-axis dimensions. In fact,
all the expected changes, if any, should be along the
c-axis.

(c) Finally, Yanagizawa et al. [27,28] have shown,
by High Resolution Transmission Electron Mi-
croscopy (HRTEM), that at around a 3% level of
iron doping, a destabilization of the ribbons of 1:2:4
takes place, and that this produces randomly dis-
tributed single chains in the 1:2:4 structure.

Our results of the Rietveld refinements for the
x = 0.00625, 0.0125 and 0.01875 samples show that
the iron atoms subgtitute the copper atoms in the
Cu(1) sites, in agreement with Felner and Brosh [8]
Felner et a. [12]. Moreover the occupation number
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for the O(6) oxygen atoms, located in the plane of
the Y atoms above the Cu(2) atoms, is essentially
zero. The occupation number for the O(5) oxygen
atoms, located between the ribbon planes along the
a-axis, is N=0.536 for x=0.0125 and N = 0.8736
for x = 0.05. Even though these occupation numbers
seem high in relation to the iron concentration, it is
possible that the charge redistribution induced by the
Fe** atoms in the ribbon sites allows for extra
oxygen atoms in the (large) interstitial space between
two adjacent ribbons (see below). The same trend is
observed in the x = 0.05 sample.

Let us now consider the results of Natali Sora et
al. [29] on neutron-diffraction refinement made in the
1:2:3 system when all Cu atoms are substituted by
Fe atoms. The authors get a very small occupation
number for the above mentioned O(6) atoms (3.5%
of the Fe(2) atoms), whereas the occupation number
of the O(5) atoms is 2, giving rise to a octahedral
coordination of the Fe(1) atoms. Taking into account
that all the Cu atoms have been replaced by Fe
atoms, their results address the difficulty for oxygen
atoms to occupy the O(6) sites, giving support to our
interpretation, which differs from those of other au-
thors, that place the Fe atoms mainly (or only) in the
Cu(2) site in quasioctahedral symmetry [13,14].

The Mossbauer spectra reported in the literature
for the 1:2:3 phase consist of three main quadrupole
doublets, which have AQs of approximately 2.0
mm/s, 1.10 mm/s and 0.55 mm/s. The only dou-
blet that has been associated with the Cu(2) sites is
the one whose AQ is around 0.55 mm/s. It is
worthwhile mentioning that the combined values of
the measured Mosshauer parameters (IS, and AQ,
in Table 3) of this last quadrupole doublet do not
permit an unambiguous assignment of the ionic state
of the Fe atoms. Actually, they canbein 2+ or 3 +
low spin states (in Table 4 we use the notation Fe(ll)
and Fe(I11) for low spin states). From an examination
of the calculated values of the AQsin Table 4, it can
be seen that several of the experimental AQ values
are reproduced if the Sternheimer factor of Fed*
takes the value (1— ) =6.6. Since no two or
threefold coordination iron compounds are known, it
would be rather unexpected that these coordinations
occur in this system, so they should be ruled out
from our analysis. It is also clear that the octahedral
coordination gives place to AQ vaues which are

much to small, so this configuration can aso be
dismissed. In consequence, the site assignment that
we propose is given below.

The 2.0 mm /s doublet is associated with Fe** in
the Cu(1) sites with fourfold (planar) coordination.
The 1.10 mm /s doublet is associated with Fe** also
in the Cu(1) sites with fourfold (non planar) coordi-
nation and/or with fivefold (pyramidal) coordina
tion. These two possibilities produce dlightly differ-
ent electric field gradients that would broaden the
spectral lines. In order to make the site assignment of
the 0.5 quadrupole doublet, we recall that Natali
Sora et a. results indicate that, at least for the 1:2:3
structure, it is very unlikely that the iron atomsin the
Cu(2) sites be surrounded by 6 O atomsin a quasioc-
tahedral coordination. Taking into account this fact,
the 0.55 mm /s doublet should be associated with Fe
atoms in the Cu(2) sites with fivefold (pyramidal)
coordination, despite the fact that our calculations,
using the same Sternheimer factor of 6.6, give a
quadrupole splitting about half of the observed value.
This experimental AQ value can be reproduced from
the above calculation, using a smaller Sternheimer
factor of 3.2. However, it is difficult to explain this
low value just in terms of the different ionic state of
the Fe atom in the Cu(2) sites. Assuming that the
iron atoms are in a Fe(ll) state, a possible explana
tion for the disagreement between the observed and
calculated AQ values could be that the bonding of
the Fe atoms to the apical oxygen atoms has a
stronger covalent character (due to the presence of
an extra d electron) and this, in turn, could slightly
displace them towards these oxygen atoms. Actually,
a displacement of 0.03 nm would suffice to get the
experimental AQ value with the same Sternheimer
factor.

Finally, the only compatible situation with the
0.80 mm /s quadrupole doublet value is Fe atoms in
the Cu(1) sites in fivefold coordination, notwith-
standing the dlightly higher AQ value obtained in
our calculations. In consequence, we suggest that
each iron atom a a Cu(l) site aftracts an extra
oxygen atom that places itself in a vacant site along
the a-axis between two ribbons. Consequently, the
oxygen content of these sites changes. This could
explain the observed tendency to tetragonality as the
iron concentration increases. The quadrupole dou-
blets B and C observed at the higher Fe doping
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levels have the same MP of some of the 1:2:3
doublets, and they can be associated with Fe3*
occupying Cu(1) sites of the single chains that result
from the destabilization of the double chains. The
quadrupole doublet D is associated with Fe(ll) or
Fe(I11) in the Cu(2) sites of the CuO, planes.

6. Conclusions

Our Mossbauer results indicate that, albeit that the
decreasing rate of T, with iron concentration is
higher for 1:2:4 than for 1:2:3, for low doping levels
(x < 0.01875) the iron atoms occupy only the Cu(1)
sites of the 1:2:4 structure. This is in accordance
with our X-ray results and aso with the HRTEM
results of Yanagizawa. At higher doping levels, the
ribbon destabilization manifests itself in the X-ray
diffractograms, first by the appearance of 2:4:7 and
then of 1:2:3 peaks. Similarly, the Mdssbauer spectra
change from one to four quadrupole doublets, with
the new ones corresponding to sites previously iden-
tified with the Cu—O single chain sites and with the
Cu(2) pyramidal sites. Our calculations and the Ri-
etveld refinement, indicate that, even at low doping
level, the iron atoms in the Cu(1) sites attract extra
oxygen atoms that place themselves between two
adjacent ribbons along the a-axis of the structure. If
this is the case, the charge distribution around the
ribbons will be atered and this, in turn, affects the
charge transfer to the CuO, planes, with a concomi-
tant effect on T,. On the other hand, the presence of
extra oxygen atoms can have a randomizing effect
on the growing directions along the a-axis or b-axis,
that would explain the observed tendency to tetrago-
nality.

In conclusion, our results point in the direction
that the excess oxygen between the ribbons explains
not only the reported overall tendency to tetragonal-
ity of the crystal structure, but also influences the
charge transfer mechanism to the superconducting
planes and may be the cause of the rapid T, degrada-
tion.
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