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Abstract The new YBaCuO superconductors are synthe-
sized by using the standard solid-state reaction method as
compositions of Y5-6-11, Y7-9-16,Y358, Y5-8-13, Y7-11-
18, Y156, Y3-8-11, and Y13-20-23, where the numbers in-
dicate Y, Ba, and Cu atoms respectively; all show the Meiss-
ner effect at 77 K. The resistivity measurements used by the
four-probe method have shown the highest 7, onset is 94 K.
The XRD spectra are shown and they have a similar crys-
talline structure as Y123 and Y358 materials with some im-
purities peaks.

Keywords YBaCuO superconductors - Solid state reaction

1 Introduction

In 1986, Bednorz and Muller [1] found the first high-
temperature superconductors in La214 compound that
showed the transition temperature (7,) above 30 K. And in
1987 the transition temperature of YBayCuzO7 (Y123) was
increased to around 92 K by Chu and co-workers [2]. The
researchers have carried out on the YBaCuO-family com-
pound like Y123, YBa;CusOg (Y124), and Y,BasCu7015
(Y247) to find a higher 7, in the YBaCuO-family. They
found that Y124 and Y247 became superconductor at 80 K
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[3] and 40 K [4], respectively. The Y247 exhibits a super-
conducting transition with 7, ranging from 30 to 95 K, de-
pending on the oxygen content [5, 6].

Recently, Aliabadi, Farshchi and Akhavan [7] and Ta-
vana [8] found the new Y-based high-temperature super-
conductor in Y3BasCugO;g (Y358) that become supercon-
ducting above 100 K. They also proposed that in order to
have a stronger superconductor with higher 7, in YBaCuO-
family, one should pump more holes from the chains to the
oxygen sites of the planes tending to diagonal charge or-
der. The Y123 has two CuO; planes and one CuO chain.
The Y124 has one CuO double chain. Y247 has one CuO,
plane and one CuO chain, and one double chain. Y358 has a
crystalline structure similar to that of Y123 with five CuO,
planes and three CuO chains. The increase in the number of
CuO; planes and CuO chains has an important effect on the
T, of Y358. The YBaCuO-family has shown the difference
in their number of CuO; planes and CuO chains or double
chains that are believed to be the carrier reservoirs. The band
structure calculations of Y358 were studied by Tanvana and
Akhavan [9]. However, Nakajima et al. [10] had proposed
the limited increase in the number of the CuO; planes in all
high-T7, cuprate superconductors to 3.

We think that there should be the relations between the
superconductors in YBaCuO-family. The assumptions about
the relation in these materials are made and the new super-
conductors are synthesized by using our assumptions. Fi-
nally, we find 7 new superconductors with the different crit-
ical temperature.

2 Experimental Assumptions

We know that the YBaCuO-family consists of Y123, Y124,
Y247 and Y358 with the Y358 having the highest 7, in this
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family. Aliabadi, Farshchi and Akhavan [7] proposed that
the lattice parameters, a and b, of Y123 are very close to
those of Y358, but the lattice parameter ¢ of Y358 is almost
3 times that of Y123. Y123 has two CuQO; planes and one
CuO chain and Y358 has five CuO, planes and three CuO
chains. We postulate the following compositional relations
for the unit cell:

1. The number of CuO; planes equals the number of Ba-
atoms.

2. The number of CuO chains equals the number of Y-
atoms.

3. The number of Ba-atoms plus Y-atoms is equal to the
number of Cu-atoms.

The relation between the number of CuO; planes and
number of Ba-atoms, and the number of CuO chains and the
number of Y-atoms, cannot be proved in this paper. How-
ever, the number of Ba-atoms plus Y-atoms being equal to
the number of Cu-atoms can be proved experimentally. In
Y123, there is 1 Y-atom and 2 Ba-atoms, so we get 3 Cu-
atoms. In Y358, there are 3 Y-atoms and 5 Ba-atoms, so we
get 8 Cu-atoms. So we think that the main idea to synthesize
a new superconductor in this family is the number of Ba-
atoms plus Y-atoms being equal to the number of Cu-atoms.

To reach the highest T,, we should pump more holes into
the CuO; planes. We assume that the number of Y-atoms
should be missing to create more holes to get higher the
critical temperature. At this point, we can make the follow-
ing assumptions to synthesize a new superconductor in the
YBaCuO-family:

1. The number of Ba-atoms plus Y-atoms is equal to the
number of Cu-atoms.

2. The number of Y-atoms can be missing to reach the
higher T, but the first assumption must be obeyed.

The Y123 and Y358 can be explained by our assumption
as in Y123 there is no Y-atoms missing and in Y358 there is
1 Y-atom missing for every 5 Ba-atoms.

According to our assumptions, there are many new su-
perconductors to be found. For example, in case of 1 Y-atom
missing, the general formula should be Y,_;Ba,Cus,_70s.
The Y358 is the example of this group which has the per-
cent of Y-atoms missing to the number of Ba-atoms as
é x 100 = 20%. For the 2 Y-atoms missing, the general for-
mula should be Y,_3Ba,Cus,_30s5. We can get Y5-8-13
with the percent of Y-atoms missing to the number of Ba-
atoms as % x 100 = 25%.

3 Experimental Details

To validate our assumptions, we synthesize a new group of
YBaCuO superconductors by using the standard solid-state
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reaction method. Appropriate stoichiometric ratios of pow-
ders Y203, BaCOj3 and CuO are mixed, ground, and react in
air at 950°C for 24 hours, and cooled to 100°C. Calcinations
are repeated twice with intermediate grinding. The powders
are reground, pressed into pellets of 30 mm diameter and
about 5 mm thickness under 2000 psi pressure. Finally, the
samples obtained are sintered at 950 °C for 24 hours and an-
nealed at 500°C for 24 hours in the air.

The Meissner effect at 77 K is used to test the supercon-
ductivity state of our samples and for all materials obtained
the Meissner effect is shown in Table 1. This means that all
of our samples are superconductors with the critical tem-
perature above 77 K. Because Y5-6-11 and Y7-9-16 do not
show the perfect Meissner effect, we do not measure the crit-
ical temperature of these samples.

The four-probe resistivity measurements,using a current
density of 2.55 x 10™3 A/m? are shown in Figs. 1 and 2. All
samples show that with increasing the measuring current,
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Fig. 1 The resistivity versus temperature of our samples
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Fig. 2 The normalized resistivity versus temperature
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Table 1 The new synthesized YBaCuO-superconductors

Compound Y-atom missing per % of missing Meissner effect
Ba-atom shown at 77 K
Y123 0 0 Yes
Y5-6-11 0 0 Yes
Y7-9-16 1:9 12.5% Yes
Y358 1:5 20% Yes
Y5-8-13 2:8 25% Yes
Y7-11-18 3:11 27% Yes
Y156 3:5 60% Yes
Y3-8-11 4:8 50% Yes
Y13-20-33 6:20 30% Yes

Table 2 The 7. summation of our samples

Compound T, offset (K) T, middle (K) T, onset (K)
Y123 87 91.2 93
Y358 84 91.2 94
Y5-8-13 83 90.8 94
Y7-11-18 86 90.8 93
Y156 77 89 93
Y3-8-11 89 91 94
Y13-20-33 82 89.4 92
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Fig. 3 The XRD patterns of some materials obtained: * is Ba,Cu3O5 peak, + are other impurities
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the onset of resistivity drop is shifted to lower temperature.
The Y156 has the highest resistivity that cannot be shown in
the same scale of the other samples in Fig. 1. The normalized
resistivity versus temperature curves are shown in Fig. 2.
The summation of the 7, offset, T, middle and T, onset of
our samples read from Figs. 1 and 2 are shown in Table 2.
We find that the highest 7, onset is 94 K of Y358, Y5-8-
13 and Y3-8-11, and Y13-20-33 has the lowest 7, onset at
92 K. The Y3-8-11 has the highest T, offset at 89 K. The
Y156 has the lowest offset at 77 K. The Y3-8-11 shows the
sharp curve at a critical temperature. However, all of our
samples show 7, onset in the same order as Y123 but they
have the difference in T, offset.

The diffraction patterns of our samples are shown in
Fig. 3. By comparing the new superconductors XRD spectra
with Y123 and Y358 spectra, we find that the main peaks are
the ones which exist in Y123 and Y358 with some impurities
peaks of BapCu3Os5(* in Fig. 3) at 260 = 28° and of the other
impurities (+ in Fig. 3) at 20 ~ 30°, 35°,37°,41°,46° that
occurred by the missing of Y-atom in some planes. These re-
sults mean that the lattice parameters of all samples should
be of the same order as Y123: a = 3.82030A, b = 3.88548 A
and ¢ = 11.68349A with Pmmm symmetry. However, there
is one main peak at about 15° that was not included in the
Aliabadi, Farshchi and Akhavan’s [7] calculation of Y358.
We think that if they included this peak, the lattice parame-
ter should be of the same order as Y123 because this peak
has the high intensity and corresponds to (020) plane.

4 Results and Discussion

We make the assumptions to synthesize a new superconduc-
tor in YBaCuO-family as the number of Ba-atoms plus Y-
atoms is equal to the number of Cu-atoms, and the number
of Y-atoms can be missing to reach the higher 7, but the first
assumption must be obeyed. The new formula of YBaCuO
superconductors is synthesized by using the standard solid-
state reaction method for Y5-6-11, Y7-9-16, Y5-8-13, Y7-
11-18, Y156, Y3-8-11, Y13-20-33 materials. The highest
T. onset at 94 K is found in Y358, Y5-8-13, and Y3-8-11
materials. The Y3-8-11 shows the sharp curve at a critical
temperature. Our samples have shown a similar crystalline
structure as Y123 and Y358 with some impurities peaks oc-
curring by the missing of the Y-atom in some planes, and in
some BayCu3Os. There are many impurities peaks in Y156

@ Springer

that agree with the 7, measurements, as they do not show
the sharp curve at a critical temperature.

The effect of oxygen-doping on superconductors is not
considered in this paper. All samples were annealed in the
air, which may be the one of the main parameters to increase
the critical temperature. We think that the highest 7, super-
conductor may be found by using our assumptions and the
optimal doping. More experimental details will reveal the
mechanism of superconductivity occurring in these materi-
als.

5 Conclusions

We made the assumptions to synthesize a new superconduc-
tors in YBaCuO-family with the higher 7.. The new for-
mula of YBaCuO superconductors is synthesized by using
the standard solid-state reaction method for Y5-6-11, Y7-9-
16, Y5-8-13, Y7-11-18, Y156, Y3-8-11, Y13-20-33 materi-
als. The Y358, Y5-8-13, and Y3-8-11 have shown the high-
est T, onset as 94 K. The crystalline structures are similar to
that of Y123 and Y358 with some impurities peaks.
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