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The CuBa2Ca3Cu4O10+δ (Cu1234) superconductor exhibits a unique combination of high critical temperature (118 K
ambient Tc), high critical current density (Jc), and high irreversibility field (Hirr), i.e. the so-called triple-high attributes,
making it a promising candidate for high-temperature and high-field applications. However, the growth of high-quality
single crystals has been hindered by contamination from traditional sample capsules used in conventional high-pressure
synthesis, leading to suppressed Tc. In this work, we develop a modified high-pressure sample assembly utilizing a capsule
with MgO as the inner layer and Pt as the outer layer, which effectively prevents undesirable doping of Pt into Cu1234
that suppresses Tc. This approach enables the successful growth of Cu1234 single crystals with a sharp superconducting
transition at Tc ∼ 115 K, comparable to that of polycrystalline samples. Structural and compositional analyses confirm
the phase purity, strong c-axis orientation, and near-ideal stoichiometry close to the Cu1234 formula. These high-quality
Cu1234 single crystals provide a reliable platform for elucidating the intrinsic mechanisms of the exceptional triple-high
superconducting properties of the Cu1234 system.
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1. Introduction

Cuprate superconductors are currently the only materials
known to achieve superconductivity above liquid nitrogen’s
boiling temperature at ambient pressure,[1–4] making them
the exclusive platform for high temperature superconducting
applications.[5–7] The CuBa2Ca3Cu4O10+δ (Cu1234) super-
conductor has long attracted extensive research interest due to
its relatively high Tc (∼ 118 K) combined with low crystallo-
graphic anisotropy and the absence of toxic elements.[8–13] Es-
pecially, the Cu1234 superconductor exhibits an Hirr (∼ 21 T)
and a high Jc (∼ 5×105 A/cm2) at 77 K,[14] which is consid-
ered comparable to the widely used YBa2Cu3O7−δ (YBCO)
superconductors in comprehensive performance. Owing to
these distinct triple-high properties — high Tc, high Jc, and
high Hirr — the Cu1234 superconductor demonstrates consid-
erable potential for future high-temperature and high-field ap-
plications. Recently, significant efforts have been directed to-
ward fabricating Cu1234 in wire or tape form through various
processing routes,[15,16] aiming to enable its practical use in
areas such as superconducting power transmission, high-field
magnets, and magnetic levitation systems.

To elucidate the origin of the superior superconducting

properties in Cu1234, it is instructive to compare its crystal
structure with that of YBCO and other cuprate superconduc-
tors. Figure 1(a) illustrates the crystal structure of Cu1234,
which consists of superconducting layers [Ca3Cu4O8] (SCL)
comprising four [CuO2] planes and perovskite-type charge
reservoir blocks [BaCuO3−δ ] (CRB), whereas Fig. 1(b) shows
the structure of YBCO. Unlike Tl- or Hg-based cuprate super-
conductors, whose charge reservoirs exhibit a rock-salt con-
figuration resulting in weak interlayer coupling and a signifi-
cant drop in Jc with increasing temperature, the CRB of both
Cu1234 and YBCO adopts a perovskite-like structure. In this
structure, the conducting Cu–O chains connect through api-
cal oxygens and have strong interlayer coupling. This cou-
pling effectively enhances the magnetic flux pinning strength,
significantly improving the dependence of Jc on temperature
and magnetic field.[17] Consequently, Cu1234 exhibits ex-
cellent characteristics even under high-temperature and high-
field conditions. Moreover, structural comparison reveals that
YBCO shares the same basic architecture as Cu1212 (the n= 2
member of the Cu-based homologous series). This structural
identity explains why Cu1234 inherits the low anisotropy and
superior Jc behavior characteristic of YBCO, while further en-
hancing Tc through its multi-layered [CuO2] planes.
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The preceding analysis elucidates the structural origins of
the triple-high characteristics in Cu1234. Nevertheless, the in-
trinsic physical mechanisms responsible for these properties
remain unclear. Elucidating the origin of the exceptional per-
formance in Cu1234 superconductors is crucial for guiding the
rational design and synthesis of new high-performance super-
conductors. High-quality Cu1234 single crystals provide an
ideal platform for probing the fundamental mechanisms under-
lying these triple-high superconducting properties. However,
previous studies have reported that the Tc of Cu1234 single
crystals ranges from 68 K to 111 K, significantly lower than
the value of 118 K observed in polycrystalline samples.[18–20]

It is therefore imperative to identify the causes of Tc suppres-
sion in single crystals and to improve experimental methods
for growing single crystals with Tc comparable to that of poly-
crystalline specimens. In homologous superconductors such
as Cu1223 and Cu1245, Tc can be effectively tuned by ad-
justing the oxygen content through annealing.[21,22] Thus, one
plausible explanation for the lower Tc in Cu1234 single crys-
tals could be insufficient carrier concentration due to oxygen
deficiency. However, post-annealing studies on Cu1234 have
shown that its Tc varies only slightly from 118 K to 114 K
with changes in oxygen content — a range still higher than the
Tc observed in single crystals.[23] This indicates that oxygen
content alone cannot account for the suppressed Tc in Cu1234
single crystals. Tokiwa et al. suggested that chemical contam-
ination from the synthesis environment is the most likely cause
of the Tc reduction.[19] They found that during high-pressure
synthesis, Au impurities from the capsule can diffuse into the
sample and substitute for Cu sites in the CRB of Cu1234, lead-
ing to a linear decrease in Tc with increasing Au content.[19]

Based on the preceding discussion, it is essential to grow
Cu1234 single crystals free of gold contamination in order
to elucidate their intrinsic superconducting mechanisms. In
this work, we designed a special sample assembly to sup-
press Au diffusion during high-pressure synthesis, thereby en-
abling the successful growth of high-quality Cu1234 single
crystals. Magnetization measurements reveal a Tc of approxi-
mately 115 K in these crystals, comparable to that of polycrys-
talline samples. The maximum crystal dimensions obtained
are approximately 300 × 200 × 20 µm3. Energy-dispersive
x-ray spectroscopy (EDS) analysis confirms a chemical com-
position of Ba:Ca:Cu:O = 2 : 3 : 4.54 : 10.16, which nearly
aligns with the ideal stoichiometry of the Cu1234 supercon-
ductor. The successful growth of these high-quality single
crystals provides a reliable platform for investigating the in-
trinsic mechanisms underlying the outstanding properties of
the Cu1234 superconductor.

2. Experiment details
Cu1234 single crystals were synthesized under high-

pressure and high-temperature conditions in two steps.[8] First,
the BaCuO2 and Ca2CuO3 precursors were prepared by a
solid-state reaction. The precursor BaCuO2 was prepared by
calcining a mixture of BaO2 (95% pure, Alfa Aesar) and CuO
(99.995% pure, Alfa Aesar) at 900 ◦C for 40 h in air with sev-
eral intermediate grindings. Ca2CuO3 was prepared by cal-
cining a mixture of CaO (99.99%, Alfa Aesar) and CuO at
1000 ◦C for 20 h in air. Then, the BaCuO2, Ca2CuO3, and
CuO were mixed to the nominal composition Ba:Ca:Cu = 2 :
3 : 5. AgO was added as an oxidizer, and a mixture of BaCuO2

and CuO was used as the flux. The powders were well-ground
and pressed into a pellet, which was then sealed into our de-
signed assembly. All preparation procedures were performed
in a glove box under an Ar atmosphere due to the highly hy-
groscopic nature of alkaline-earth metal oxides. The Cu1234
single crystals were grown using a high-pressure cubic anvil
apparatus by the flux method. After the pressure was grad-
ually increased to 5 GPa, the sample was heated to 1250 ◦C
and maintained for 4 h.[10] Then, the temperature was reduced
to ambient conditions before releasing the pressure. Sizable
single crystals were manually isolated from the crushed bulk
sample under an optical microscope. X-ray diffraction (XRD)
was conducted at room temperature using an N3 PhiniX X-
ray diffractometer with Cu Kα radiation at an operating volt-
age and current of about 40 kV and 30 mA, respectively. The
chemical composition of the single crystal samples was de-
termined by energy-dispersive x-ray spectroscopy (EDS) in a
ZEM18 scanning electron microscope (SEM). The magnetic
properties were measured using a Quantum Design MPMS3
system in direct current (DC) mode.

3. Results and discussion
In conventional high-pressure synthesis, precious metals

such as platinum (Pt) and gold (Au) are commonly employed
as sample containers due to their chemical stability under ex-
treme conditions (e.g., high-pressure and high-temperature en-
vironments) and their inertness toward precursor materials.
Because Au is known to diffuse into the sample and contami-
nate Cu1234 single crystals,[19] we initially selected a Pt cap-
sule as the sample container. The initial sample assembly, il-
lustrated in Fig. 2(a), allowed direct contact between the sam-
ple and the Pt capsule. However, at the temperatures required
for single-crystal growth (typically > 1200 ◦C), Pt tends to
react with the sample. XRD analysis revealed the presence
of the Ca4PtO6 phase, indicating that the Pt capsule reacted
with the raw materials at high temperature, thereby impeding
crystal growth. To overcome this issue, we designed a mod-
ified assembly, shown in Fig. 2(b), in which the sample was
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first loaded into a MgO inner capsule and then sealed within
a Pt outer capsule. This configuration physically separates the
sample from the Pt capsule via the MgO barrier, preventing
direct reaction between them. With this design, we effectively
suppressed the reaction between Pt and the sample and ulti-
mately obtained high-quality Cu1234 single crystals.

SCL
[Ca3Cu4O8]

CRB
[BaCuO3-δ]

CRB
[BaCuO3-δ]

CRB
[BaCuO3-δ]

CRB
[BaCuO3-δ]

SCL
[YCu2O4]

(a) (b)

Cu1234

YBCO

Fig. 1. Crystal structure comparison between (a) CuBa2Ca3Cu4O10+δ

and (b) YBa2Cu3O7−δ . Both structures contain [BaCuO3−δ ] perovskite-
type charge reservoir blocks (CRB) and superconducting layers (SCL)
comprising multilayer [CuO2] planes.
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Fig. 2. Two types of sample assemblies for Cu1234 single-crystal growth
under high pressure.

We performed XRD analysis on a sheet-like Cu1234 sin-
gle crystal. As shown in Fig. 3(a), the obtained XRD pat-
tern exhibits exclusively sharp (00l) reflections, demonstrat-
ing a highly oriented crystal structure along the c-axis. The
absence of any impurity peaks or reflections from other crys-
tallographic directions confirms the high crystalline purity
of the sample. Based on the angular positions of the (00l)
diffraction peaks, the c-axis lattice parameter was calculated
to be c = 17.955 Å, which aligns well with previously re-
ported values for the Cu1234 phase (typically in the range of
17.9 ∼ 18.0 Å), thus structurally verifying the successful syn-
thesis of the target phase. Furthermore, the narrow full width

at half maximum (FWHM) values of the diffraction peaks in-
dicate excellent crystalline quality and strong c-axis orienta-
tion of the grown single crystal. Figure 3(b) displays the tem-
perature dependence of the magnetic susceptibility (χ) for the
same Cu1234 single crystal, measured under an external field
of 10 Oe in both zero-field-cooled (ZFC) and field-cooled (FC)
modes. The χ–T curves exhibit a sharp superconducting tran-
sition with a T onset

c ∼ 115 K. The shielding volume fraction at
30 K is estimated to be 185%, a value which can be attributed
to a significant demagnetization effect resulting from the ir-
regular morphology of the crystal. It is noteworthy that the
Tc of the obtained single crystal is comparable to that reported
for Cu1234 polycrystalline samples. These results collectively
confirm that the specially designed assembly enabled the suc-
cessful growth of high-quality Cu1234 single crystals.
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Fig. 3. (a) XRD pattern of the Cu1234 single crystal. Inset shows a
photograph of the Cu1234 single crystal. (b) Temperature dependence of
magnetic susceptibility for the same Cu1234 single crystal measured in
ZFC and FC modes under an external magnetic field of 10 Oe.

To further analyze the composition of the single crys-
tals, we performed SEM coupled with EDS. The inset of
Fig. 4 shows the SEM image of a Cu1234 single crystal, ex-
hibiting a notably flat surface. The typical size of separa-
ble crystals was about 100 µm in the in-plane direction and
5 µm in thickness, while the largest crystal obtained mea-
sured approximately 300 × 200 × 20 µm3. However, larger
crystals were difficult to isolate from the bulk sample. The
chemical composition of the crystal was examined by EDS,
and a representative EDS spectrum is displayed in Fig. 4.
To obtain accurate composition data for the Cu1234 single
crystal and minimize errors associated with single-point mea-
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surements, EDS analysis was performed at five distinct loca-
tions marked by crosses in the SEM image. The results are
summarized in Table 1. By averaging EDS data collected
from several random locations on the crystal and normaliz-
ing the Ba content to 2, the atomic ratio was determined to be
Ba:Ca:Cu:O = 2 : 3 : 4.54 : 10.16. This corresponds to a nom-
inal formula of Cu0.54Ba2Ca3Cu4O10.16, indicating copper de-
ficiency in the Cu1234 single crystal. The result aligns with
previous TEM observations reporting substantial copper de-
ficiency in the CRB of Cu1234 superconductor.[17] Although
EDS quantification of light elements such as oxygen is subject
to uncertainty, the cation ratios provide strong evidence for the
formation of the target Cu1234 single crystal.

Fig. 4. A typical SEM-EDS spectrum of the Cu1234 single crystal.

Table 1. Chemical compositions of the Cu1234 single crystal examined
by EDS measurements.

Element
Atomic concentration (%)

Pos. 1 Pos. 2 Pos. 3 Pos. 4 Pos. 5 Average

O 51.62 51.32 51.72 51.91 51.40 51.59
Cu 22.89 23.14 22.82 22.87 23.27 23.00
Ca 15.31 15.37 15.30 15.22 15.12 15.26
Ba 10.18 10.17 10.16 10.01 10.22 10.15

4. Conclusion
In summary, we have developed a modified sample as-

sembly using an MgO-lined Pt capsule to effectively elim-
inate Pt contamination during the high-pressure growth of
Cu1234 single crystals. This approach successfully yields
high-quality, c-axis-oriented single crystals with a Tc ∼ 115 K,
which closely matches that of polycrystalline samples. Struc-
tural and compositional characterizations confirm phase pu-
rity, near-ideal stoichiometry, and slight Cu deficiency con-
sistent with previous reports. The obtained crystals not only
resolve the long-standing issue of Tc suppression in single-
crystal form but also establish a reliable material platform for
probing the intrinsic mechanisms underlying the exceptional
triple-high properties of Cu1234. This work provides a fea-
sible synthesis route and fundamental insights that can facil-

itate the further development and practical application of this
promising high-temperature superconductor.
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