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Structural Properties of CaLaBaCu3O7−δ Single
Crystals Grown by Self-Flux Method
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Millimeter-sized single crystals of CaLaBaCu3O7−δ were grown by the conventional self-flux technique. In this
report we present a characterization of the structural and morphological properties of our first time grown single
crystals. X-Ray diffraction patterns show that the unit cell of the samples corresponds to a tetragonal structure.
SEM images evidence excellent morphological properties without presence of twins. EDX measurements show
the difficulty of Ca to enter in the structure. The implications of our results are extensively presented and
discussed.

1 Introduction

A major problem related to the understanding of the phys-
ical mechanisms involved in High Tc superconductivity, is
the diversity of properties among different superconductor
compounds and essentially, the need of having pure sam-
ples, to get information without the influence of the charac-
teristic disorder of cuprate oxides. Because of that, growth
of single crystals provides the best study tool to access the
typical phenomenology of the High Tc superconductivity. In
the systems RE:123 there is a compound not thoroughly ex-
plored, and in contrast with the superconductor Y:123, has
a tetragonal structure. It is the CaLaBaCu3O7−δ; [CLBCO]
it has been considered to be derived from YBa2Cu3O7−δ

[YBCO] by replacement of Y by Ca and randomly, Ba by
La.[1, 3] This distribution of Ca and La ions makes the oxy-
gen sites O(4) and O(5) in the CuO chains randomly occu-
pied, forming in that way, a tetragonal structure indepen-
dent of the oxygen content. This compound is a triple per-
ovskite structure compound, (a= 3.87Åand c = 11.71Å,
space group P4/mmm) and isostructural with the tetragonal
YBa2Cu3O7−δ.[4] In spite of their similarity, contrasting
with the YBCO, the boundary between the superconducting
and non superconducting phases of CaLaBaCu3O7−δ, is de-
fined only by oxygen content, without the complexity of the
self-doping effects and the tetragonal- orthorhombic transi-
tion of crystalline structure, proper of the YBa2Cu3O7−δ.
[5] Since the CaLaBaCu3O7−δ structure remains always
tetragonal, independently of the oxygen content, the phase is
congruent and the system does not presenttwins formation.
[2] The study of single-crystalline samples of this compound
has a great interest, since its properties are unusual con-

trary to the conventional superconducting oxides. Despite
its critical temperature being slightly lower, in this system
the anisotropy factor is considerably smaller, consequently,
the critical transport current density is raised [6], which rep-
resents a greater possibility of technological application.

2 Crystal growth

The crystals were grown by using a self-flux method
similar to that reported by Scneemeyer et. al..[7]
A mixture was prepared from CaO (99.9%), La2O3

(99.98%), BaO (99.9%) and CuO (99%) powders with
molar ratios 1:2:2:12, 1:2:2:10 and 0.5:1.5:3:12, as
shown in table 1. Some authors have studied the
CaxLa1.5−yBa1.5−x+yCu3Oz family, and suggested that
perhaps the 1113 phase could be not a single phase.[5, 6,
9, 10] Consequently, there is no consensus of opinion on
the stoichiometry ranges of single phase samples. Accord-
ing to those authors, the critical temperature reaches a max-
imum of 78 K in the composition Ca0.5LaBa1.5Cu3O7−δ,
not in the 1113 phase as we thought. Then we made three
batches with this starting stoichiometry. The ratios were
considered based on the molar ratios used in the growth of
YBa2Cu3O7−δ single crystals, since their structural prop-
erties are similar.[8] The mixture was placed on different
crucibles depending on the batch. One of them was made
of alumina covered with Au that is widely used because it
is cheaper and does not contaminate the samples. The cru-
cible with the mixture was heated up to 300◦ in 30 min. and
during 2 hours. Then it was heated to 1100◦ at a rate of
1.3◦/min and kept at this temperature for 4 hours. The fol-
lowing step was a slow cooling to room temperature at a rate
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of 0.6◦/min. The as-grown crystals have often low and inho-
mogeneous oxygen content. Then, they were annealed in O2

atmosphere at 450◦ for 7 days. The crystals were placed on
a polycristalline CLBCO pellet, inside a quartz tube. Crys-

tals produced in this way had typical dimensions of0.4×0.4
mm2 in theab plane, and 0.02 mm along thec direction. Al-
though crystals with larger area were occasionally obtained,
their extraction from the flux was very difficult.

Table 1. Stoichiometries and crucibles used

Phase wished Sample Initial stoichiometry Crucible
CaLaBaCu3O7−δ C1 CaLa2Ba2Cu12O7−x ZrO2

C2 CaLa2Ba2Cu10O7−x Al2O3

Ca0.5LaBa1.5Cu3O7−x C3 Ca0.5La1.5Ba3Cu12O7−x Al2O3

C4 Ca0.5La1.5Ba3Cu12O7−x Al2O3

C5 Ca0.5La1.5Ba3Cu12O7−x Platinum

3 Characterization

3.1 Experimental

The morphological properties of the obtained crystals, were
initially examined by metallographical microscopy of light
reflection and scanning electron microscopy (SEM), obtain-
ing the images on Fig. 1. The oxygenated crystals were

examined with energy dispersive X-Ray analysis (EDX) to
find out about the correct composition and the presence
of second phases. Some were analyzed by X-Ray diffrac-
tion technique. The diffraction patterns were collected by a
Shimadzu XRD-6000 diffractometer with Cu Kα radiation
(1.5406Å) at room temperature, and taken from 2Θ =10◦to
70◦. Diffraction data were analyzed by theCarinesoftware
for spectrum analysis.

Figure 1. Metallographical and SEM microscopy images: (a) C1-1, single crystal from C1 batch. (b) C2-1. (c) C3-1. (d)
C5-1, from up left clockwise.

4 Results and discussion

In the batches C1 and C2 we did not get single crystals with
adequate morphological properties, i.e., they presented ir-
regular surfaces. Nevertheless, some elongated shaped crys-
tals, which we called “needles”, grew together with the oth-

ers (see Fig. 2). These crystals did not have twins, hope-
fuly due to the tetragonal nature of the compound. The
batches C3, C4, and C5 provided better crystals, although
little sized, approximately 0.4mm x 0.4mm (Fig.1c-d). Nee-
dles showed up always in all batches, with average size
0.3mm x 3mm. In the last batch we observed some lines like
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twins in the surface of the square shaped crystals (Fig.1d),
but posterior characterizations showed their true origin.

With the X-Ray diffraction patterns, intensity and po-
sition profiles were fitted to the theoretical pattern of the
structural model of the tetragonal form of the Y-123 com-
pound, which belongs to space group P4/mmm, i.e. replac-
ing Yttrium by Calcium and one Lanthanum in one Barium
site. This pattern belongs to the polycristalline compound,
since there are not reports about CLBCO single crystals. We
compared the positions and intensities of both patterns, only
for the peaks involved in the single crystal one. These are
shown in Fig. 3. This figure shows two main peaks in the
experimental pattern: (110) and (220), which evidence the

oriented growth of the sample. It becomes evident, from this
figure, that the coincidence is total with the analogue peaks
in the polycristalline pattern, both in position and intensity
relation, besides of coinciding with other reports about the
polycristalline compound.[9, 11, 12] It appears to be quite
interesting that the single crystal grew in a different orienta-
tion of the expected one, i.e., with thec axis perpendicular
to the crystal’s surface, like YBCO single crystals.[13, 14]
This is the explanation for the lines on the single crystal’s
surface, corresponding to oriented planes, not to twins. By
means of pattern fitting, we obtained the cell parameterc as
c = 11.71(4)Å, with a = b = 3.87(7)Å; these results agree
with previous reports.[15]

Figure 2. (a) Alumina crucible with needle-shaped single crystals no extracted (b) needle extracted from batch C4.

Figure 3. Experimental pattern (single crystal) and theoretical pattern (polycristalline).
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Figure 4. EDX analysis for C4-1 CaLaBaCuO single crystal.

The EDX analysis (Fig. 4) shows the proper peaks and
gives an indication of the pure-phase character of the sam-
ple. This analysis revealed that in all the batches there were
second phases present, like CuO, corresponding to thenee-
dles discussed above. LaBaCuO crystals were often ob-
tained too; all the batches revealed a possible difficulty in
the entrance of calcium into the structure. On this regard,
there are reports from Y:123 doped with calcium, in which
the calcium enters into the phase-pure structure only up to
15%.[16] After this limit, other phases begin to appear. In
brief, although it is found that the calcium introduction im-
proves the carrier density, and therefore the superconduc-
tor properties, the calcium’s entry is not always reached
.[17]This is due to the reduced ionic radio of calcium (2.23
Å), that although is similar to the yttrium’s (2.27̊A), is re-
duced compared with the lanthanum’s (2,.74Å) and bar-
ium’s (2.78Å); these occupy randomly the same sites as cal-
cium. Consequently, the solid solubility is limited. Never-
theless, it is noticeable the absence of Al and Au in samples
from C2, C3 and C4. In the case of C5, we obtained samples
with the adequate properties, besides of no contamination,
except for the crystals removed from the walls. Further in-
vestigation of these crystals are under way, aimed to verify
their superconductor character.
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