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We have successfully synthesized Sr2CuO3+δ single crystals under high pressure and high temperature for the first time. The 
structure analysis show that this material crystallizes into tetragonal structure isostructural La2CuO4 with single CuO2 plane. 
The magnetic susceptibility as well as resistance measurements indicates that the bulk superconductivity with the critical tran-
sition temperature 37 K is achieved in the crystal. 
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1  Introduction 

Cuprate superconductors have been extensively studied 
since they were discovered in 1986 [1]. Improving the su-
perconducting transition temperature Tc is one of key con-
cerns of high-temperature cuprate superconductor studies. 
So far, it is considered that several factors control Tc in layer 
cuprates. The first is the carrier density. It was found from 
the study of the superconductivity versus various doping 
level in different superconducting systems that the carrier 
density does play a significant role in influencing Tc, which 
usually shows a maximum Tc at optimal doping concentra-
tion [2]. The second factor influencing Tc is the number of 
CuO2 planes in one unit cell. It was reported that, with the 
constant carrier doping, the highest Tc was observed for n=3 
or 4 in the different systems such as in Hg- and Bi-based 
superconductors [3]. The third is the applied pressure or the 

strains. For instance, Tc of Hg1223 increases from 134 K at 
ambient pressure to 164 K at above 30 GPa [4]. In addition, 
it was observed that Tc raised to 80 K from 39 K in the film 
of La-214 superconductor with optimal doping in SrTiO3 or 
SrLaAlO4 substrate [5]. The fourth is the chemical or-
der/disorder caused by doping in the charge- reservoir layer, 
which was systematically studied for La2CuO4 [6] or Nd- 
and Bi-based copper oxide superconductors [7]. It was 
demonstrated that the introduction of cation disorder in the 
apical-O layer, A-site disorder, gives rise to an appreciable 
decrease in Tc [6,7].  

Recently we synthesized Sr2CuO3+δ superconductor un-
der high pressure using SrO2 as oxidizer, as we previously 
used in the related Sr-Ca-Cu-O-Cl system [8], and found 
that the remarkable enhancement of Tc above 90 K at an 
almost constant doping level is associated with the ordering 
of the apical oxygen in this superconductor [9]. In addition, 
by replacing Sr by Ba, Sr2–xBaxCuO3+δ superconductor 
reaches Tc=98 K, a record Tc for monolayered cuprate su-
perconductor exceeding Hg1201 (95 K) [10]. The single 
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layer Sr2CuO3+δ superconductor crystallizes in the K2NiF4- 
type structure similar to that of La2CuO4 but with partially 
occupied apical oxygen sites. Tc shows large increase al-
most by a factor of 3 for Sr2CuO3+δ than that for La2CuO4. 
Therefore, there must be significant effects on Tc from the 
charge-reservoir layers where in the apical oxygen is par-
tially occupied. In order to understand nature of the unusual 
superconductivity in Sr2CuO3+δ, we need to grow high qual-
ity Sr2CuO3+δ single crystals. In this paper, we report the 
successful synthesis of Sr2CuO3+δ single crystals with Tc = 
37 K using high pressure and high temperature technique. 
The structure and superconducting properties were investi-
gated. 

2  Experimental 

Sr2CuO3+δ single crystals were grown using two-step meth-
od at high pressure and high temperature. For the first step, 
the precursor Sr2CuO3 single crystal as starting material is 
grown by utilizing fluxing solvent zone method. In the sec-
ond step, Sr2CuO3 single crystals with regular shape were 
mixed with KClO4, and sealed into a gold capsule of 4 mm 
in diameter and 2 mm in length. Using NaCl as pressure 
medium, the high pressure synthesis was performed at 6 
GPa and 1000°C for 2 h on a cubic-anvil-type apparatus. 
And then it was quenched to room temperature before re-
leasing the pressure. Upon wash off KCl coverage using 
organic solvents, Sr2CuO3+δ single crystals are obtained as 
shown in Figure 1(a). 

The crystal structure was studied by means of Bruker 
SMART APEX-CCD single-crystal X-ray diffractometer. 
The results are analyzed using Shelxtl5.1 software. The DC 
magnetic susceptibility was measured with a PPMS multi 
functional magnetometer in an external magnetic field of 30 
Oe for both zero field cooling (ZFC) and field cooling (FC) 
modes. The electrical resistivity was measured using the 
standard four-probe method in the temperature range of 
10–300 K.  

3  Results and discussion 

By carefully adjusting the conditions of synthesis, such as 
pressure, temperature, composition and reaction time, 
Sr2CuO3+δ single crystals were synthesized under high 
pressure and high temperature. The crystal with typical size 
up to 0.2 mm×0.2 mm×0.1 mm can be obtained as shown in 
Figure 1(a). Evidences for high quality of the present single 
crystal are given by a narrow superconductivity and a large 
a-c anisotropy as shown in the transport measuements. The 
crystal structure of Sr2CuO3+δ was analyzed by single crys-
tal X-ray diffraction as shown in Figure 1(b). We obtained 
the structure data of Sr2CuO3+δ single crystal with the space 
group I4/mmm and the lattice parameters a= 3.7885(11) Å, 

 

Figure 1  (a) Sr2CuO3+δ single crystal. (b) The crystal structure of 
Sr2CuO3+δ analyzed by single crystal X-ray diffraction. 

c=13.267(7) Å. The detailed structure parameters for 
Sr2CuO3+δ single crystals are summarized in Table 1. Figure 
2 presents the temperature dependence of magnetic suscep-
tibility in both modes of zero-field-cooling (ZFC) and 
field-cooling (FC) in the applied field of 30 Oe. The bulk 
superconductivity with Tc=37 K can be observed, which 
was less than that of Sr2CuO3+δ powder sample with Tc=75 
K [9], suggesting that the carrier density is not in optimal 
doped state. Figure 3 shows the temperature dependence of 
in-plane ρa and out-of-plane resistivity ρc of Sr2CuO3+δ sin-
gle crystal. In normal state from above Tc to room tempera-
ture, in-plane resistivity ρa is metallic, which, therefore, is 
expected to contain purely the CuO2 plane contribution, 
while out-of-plane resistivity is semiconducting. The 
transport properties of Figure 3 show that the Sr2CuO3+δ 
single crystal have remarkably highly anisotropic behavior, 
which is similar to that of La2–xSrxCuO4 [11] and 
YBa2Cu3O7–y single crystal. 

The present X-ray diffraction structure analysis shows 
that the Sr2CuO3+δ single crystal is in overdoped state. 
In-plane resistivity ρa in Figure 3 shows a superlinear tem-
perature dependence, ρa~Tα with α>1, as would be  
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Table 1  The structure parameters for Sr2CuO3+δ single crystals 

Crystal data 

Formula sum Sr2CuO3+δ 

Crystal system Tetragonal 

Space group I 4 /mmm (No. 139) 

Unit cell dimensions a=3.7885(11) Å c=13.267(7) Å 

Atomic coordinates 

Atom Wyck Occ. x y z 

Sr 4e 1 1/2 1/2 0.86085(17) 

Cu 2a 1 1/2 1/2 1/2 

O1 4c 1 1/2 1.00000 1/2 

O2 4e 0.63 1/2 1/2 0.683(3) 

 
 
 

 

Figure 2  The temperature dependence of the in-plane (ρa) and out-of- 
plane (ρc) resistivity for Sr2CuO3+δ single crystal. 

 

Figure 3  The temperature dependence of the DC magnetic susceptibility 
for Sr2CuO3+δ single crystal in 30 Oe applied magnetic field for zero-field 
cooling (ZFC) and field cooling (FC) modes. 

expected for Fermi-liquid-type behavior in overdoped mate-
rials. The results may be caused by local chemical inhomo-
geneity of oxygen dopant in the process of high pressure 
single-crystal growth. Due to the difficulty in accurately 
monitoring the high pressure synthesizing condition, map-
ping the change of Tc with oxygen doping level has not be 
qualitatively analyzed yet. Thus further optimization of the 
synthesis condition is necessary in order to obtain higher Tc 
and more systematic complementary results.  

4  Summary 

We have successfully synthesized Sr2CuO3+δ single crystals 
with Tc = 37 K under high pressure and high temperature. 
The structure and the superconductivity of Sr2CuO3+δ were 
investigated. We have presented anisotropic transport data 
of Sr2CuO3+δ single crystal. The higher Tc can be obtained 
by further optimizing the high pressure synthesis condition. 
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