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Abstract

The result of the synthesis for TiSr2(RE1−xCex)2Cu2Oz (Ti-1222) (RE = Sm, Eu, Gd) are reported. The single
phase of Ti-1222 were not synthesized under ambient pressure, but three phased samples with Ti-1222 and SrTiO3,
CeO2 were obtained. The crystal structures for Ti-1222 phases were analyzed using X-ray diffraction data. Resis-
tivity measurements for the all samples showed insulating behaviors.
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Since the discovery of Superconductivity in
(Ln,Ce)2(Ba,Ln)2Cu3O10[1], several types of 1222-
type copper oxide series has been synthesized, such as
MSr2(Ln,Ce)2Cu2Oz (M = Bi[4], Pb[3], Tl[2], Fe[5],
Ru[6], In[7]). These homologous series consisted with
the fluorite block, [(Ln,Ce)2O2] and charge reservoir,
MO-layer. Rukang et.al. [8] reported that the Ti based
1222 series of TiSr2(Ln,Ce)2Cu2Oy (Ln = Pr, Nd).
These Ti-1222 compounds were semiconductor behav-
ior. In this experiments, we have synthesized rare earth
substituted Ti-1222 phase, TiSr2(RE1−xCex)2Cu2Oy

(RE = Sm, Eu, Gd; x = 0.3) and reported crystal
structure and resistivity measurements.

The samples were prepared by solid state reaction
from CuO2, SrCO3, TiO2, CeO2, Sm2O3, Eu2O3 and
Gd2O3. The mixed powder are calcined at 960 ∼
1000◦C in air or Ar gas. They were reground, pelletized
and fired at 1050◦C in O2 gas flow. We also make high
pressure firing under 3.5GPa at 1050◦C, but Ti-1222
was not synthesized in this condition. The obtained
samples were characterized by powder X-ray diffrac-
tion with Cu Kα radiation (RINT system, Rigaku).
The range of the XRD was from 20◦ to 100◦ in 2θ and
step width was 0.04◦. The resistivities were measured
using a standard four-probe DC method above 20K.
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The X-ray diffraction pattern of all samples showed
the Ti-1222 phase as well as two impurities. These im-
purity phases were identified as SrTiO3 and CeO2.

The multi-phase Rietveld analysis was using
RIETAN-2000 program.[9] The structure models of
Ti-1222 are based on tetragonal M -1222 structure
with the space group I4/mmm (No.139). The atomic
coordinate are Ti in 2a (0, 0, 0) Cu(2), Sr, M ′, O(2)
in 4e (0, 0, z) O(1) in 4c (0, 1

2 , 0) O(3) in 8g (0, 1
2 ,

z) O(4) in 4d (0, 1
2
, 1

4
). The occupation factors, g, of

RE and Ce for the M′ site were fixed at 0.7 and 0.3,
respectively.

In course of refinement, the result suggested that
the Ti site was partially substituted by Cu atom. It
is in good agreement with the existence of the SrTiO3

in diffraction pattern. Therefore, we assigned Ti and
Cu(1) atom at same site and linear constraint was im-
posed on the occupation factor, g: gCu(1) = 1 - gTi.
According to the large thermal parameter, O(1) atom
on z = 0 plane was shifted from 4c site to split site 8j
site (x, 1

2 , 0) and refined the occupation factor. It is
difficult to refine simultaneously the occupation factor
and the atomic coordinate in oxygen atom, we fixed
the occupation factor of O(1) site. Finally, the thermal
parameter, B, of all oxygen sites were fixed 1.0.

Table 1 list the final lattice constants and structure
parameters of the (Ti,Cu)Sr2(RE0.7Ce0.3)2Cu2Oy.

Preprint submitted to LT23 Proceedings 17 June 2002



6000

5000

4000

3000

2000

1000

0

In
te

ns
ity

10095908580757065605550454035302520
2θ  / °

Fig. 1. The Rietveld patterns for

(Ti,Cu)Sr2(Sm0.7Ce0.3)2Cu2Oy . The dots and the continuous

lines shows the raw diffraction and calculated data, respec-

tively. The difference between the observed and calculated

intensities are displayed the bottom of therefore. The short

vertical lines mark the position of the bragg peaks of Ti-1222

(upper), CeO2 (middle) and SrTiO3 (lower).

20

15

10

5

0

ρ 
/ 

Ω
 
c
m

25020015010050

T  / K

 RE = Sm

 RE = Eu

 RE = GdSm

Gd

Eu

Fig. 2. The temperature dependence of the resistivity for

(Ti,Cu)Sr2(RE0.7Ce0.3)2Cu2Oy (RE = Sm, Eu, Gd).

The mass fractions of each phases evaluated from scale
factors are also presented in Table 1.

Figure 2 shows the temperature dependence of re-
sistivity of (Ti,Cu)Sr2(RE0.7Ce0.3)2Cu2Oz. All sam-
ples showed the insulating behavior in all temperature
range and did not showed superconducting above 20K.

The valence of Cu(2) site calculated using the bond
valence sum[10] calculation from structural parameters
is 2.24 in Sm sample. This is not so high in cuprate
superconductors, however the sample showed the insu-
lating behavior. It is difficult to discuss the relation be-
tween structure and properties for multi-phased sam-
ple. We are now making to synthesize with a modified
synthesis condition to obtain a single phase sample.

We have synthesized (Ti,Cu)Sr2(RE0.7Ce0.3)2Cu2Oy

(RE = Sm, Eu, Gd) and refined the crystal structure
parameters. Single phase of Ti-1222 were not synthe-
sized, but three phased samples were obtained in our
synthesis conditions.

References

[1] H. Sawa, K. Obara, J. Akimitsu, Y. Matsui, S. Horiuchi, J.

Phys. Soc. Jpn. 58 (1989) 2252.

Table 1

Structural Parameters of (Ti,Cu)Sr2(RE0.7Ce0.3)2Cu2Oy
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RE Sm Eu Gd
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Re 6.60% 5.42% 6.59%
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CeO2 0.023 0.023 0.031

M ′ = RE0.7Ce0.3 (RE = Sm, Eu, Gd)

gCu(1) = 1 - gTi, BCu(1) = BTi
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