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Abstract

We discuss the evolution of superconducting transition temperature Tc with the ordering state at the apical oxygen layer of a high
temperature superconductor (HTS). This study became available in Sr2CuO3+d superconductor with K2NiF4 structure showing so far
rarely formed partially occupied apical oxygen which also acts as the dopant. With observation of a series of modulation structures
at apical oxygen layer, we found a well-defined links between Tc (from 75 to 95 K) and modulated structures. We address that the dis-
tribution geometry of dopant such as the partially occupied apical oxygen here can be an additional route to reach further higher Tc.
� 2007 Elsevier B.V. All rights reserved.

PACS: 74.72.Jt; 81.05.Zx

Keywords: High Tc superconductor; Apical oxygen ordering; Modulation structure
1. Introduction

One of key concerns of high Tc superconductor (HTS) is
how to reach the highest superconducting transition tem-
perature Tc [1]. The hole-doped carrier densities and chem-
ical order/disorder have been found to be key variables
influencing superconducting transition temperature Tc [2–
4]. Sr2CuO3+d superconductor synthesized under high tem-
perature and high pressure crystallizes into the K2NiF4 (i.e.
La2CuO4) structure as shown in Fig. 1, and more impor-
tantly as a dopant mechanism its apical oxygen site is par-
tially occupied and the amount of apical oxygen is
adjustable [5,6]. Here, we investigated systematically the
evolution of Tc with apical oxygen ordering state in single
phase Sr2CuO3+d superconductor being combined with
structural observations using transmission electron micros-
copy (TEM). We suggest that the significant enhancement
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of Tc in Sr2CuO3+d superconductor at the low post anneal-
ing temperature has a close relationship with the ordering
state of the apical oxygen.

2. Experimental

Polycrystalline samples with nominal compositions of
Sr2CuO3+d were synthesized from SrO2, CuO and the pre-
cursor of Sr2CuO3 under 6 GPa at 1100 �C for 1 h. Crystal
structures were analyzed by means of powder X-ray diffrac-
tion (XRD) using Cu Ka radiation, electron diffraction
(ED) and high-resolution transmission electron microscopy
(HRTEM). The DC magnetic susceptibility was measured
with a SQUID magnetometer in an external magnetic field
of 20 Oe.

3. Results and discussion

Fig. 2 shows the XRD patterns for the high pressure as
prepared and post annealed Sr2CuO3+d superconductors in
the range of 150–350 �C for 12 h at 1 atm N2 atmosphere.
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Fig. 3. Temperature dependence of the DC magnetic susceptibility in a
field cooling mode for high pressure as prepared Sr2CuO3+d and those
after different heat treatments in N2 at ambient.
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Fig. 1. Schematic view of the crystal structure of Sr2CuO3+d with K2NiF4

type tetragonal structure containing the [CuO2] plane, but the apical
oxygen sites are partially occupied.
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XRD patterns show that the samples keep the tetragonal
single phases unchanged up to 300 �C and become mixture
of tetragonal phase and the ambient orthorhombic chain
structure at 350 �C. Fig. 3 illustrates the magnetic suscepti-
bility measurement for high pressure as prepared and those
after different heat treatments of Sr2CuO3+d superconduc-
tors at a field cooling (FC) mode. As increasing the anneal-
ing temperature, Tc increases monotonically to 95 K which
is the highest Tc observed in the single-layer copper oxide
superconductors. The sample became non-superconducting
after heat treatment at 350 �C as shown in the inset of
Fig. 3. We highlight that the post annealing temperature
(below 300 �C) is too low to cause the oxygen content
change in Sr2CuO3+d superconductors as also demon-
strated by thermal gravity analysis (TG-DTA). Therefore
the likely consequence of post annealing at relatively lower
temperature is to rearrange the ordering states of the par-
tially occupied apical oxygen. In order to confirm this,
we performed the TEM observations on the series of
Sr2CuO3+d superconductors showing different Tcs in
Fig. 3 [7]. With observation of a series of modulation struc-
tures at apical oxygen layer based on a C2/m original
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Fig. 2. X-ray powder diffraction pattern for the sample Sr2CuO3+d with
nominal d = 0.4 for the high pressure as prepared sample and post heat
treatment at different temperatures in N2 at ambient pressure.
phase, we found a well-defined links between Tc (from 75
to 95 K) and modulated structures [8]. So far for the first
time a sound correlation between modulation structure
and superconductivity evolution in the Sr2CuO3+d super-
conductors has been established. The results indicate that
the ordering associated with apical oxygen distribution
can be an additional tuning factor to substantially enhance
Tc of a HTSC.
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