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BoOX & H Development of Oxygen Measurement Method for Cuprate Superconductors Using

Dissolved Oxygen/Chlorine Method

Cuprate superconductors generally exhibit significant changes in oxygen content depending on the sintering
temperature and oxygen pressure. These oxides possess complex crystal structures, and the oxygen content
directly affects the mixed valence state of the copper ions. Specifically, the oxidation state of copper ions in
cuprate superconductors varies between Cu?* and Cu®, which profoundly influences the material's electronic
structure and physical properties.

In YBa;Cus0y, for example, superconductivity is not observed when the oxygen content ranges between 6.0
and 6.3. As the oxygen content increases beyond 6.3, superconductivity appears. As it finally approaches 7.0, the
transition temperature (7c) reaches as high as 90K. This indicates that the oxygen content in cuprate
superconductors is closely related to the superconducting transition temperature (7¢c).

Besides superconductors, oxide materials such as indium tin oxide (ITO) used as transparent electrode
materials, and tin dioxide (SnO3) used as gas sensors, are also known to exhibiting dramatic changes in electrical
conductivity with the slight variation in oxygen content. Well-known methods for measuring oxygen content are
iodometric titration and coulometric titration method. These methods measure the average Cu valence in the
sample.

Previously, a method combining the dissolved oxygen method (DO method) with differential equation
correction was developed to measure the Cu valence and the oxygen content in cuprate superconductors. This
method reduces the measurement time by one-third compared to the iodometric titration method.

In this study, a new DO/Cl method with differential equation correction was developed, successfully
measuring the oxygen content in the YBa;CusOy superconductors and the Bi-based superconductors with higher
accuracy. It was also confirmed that hydrochloric acid solution is superior to sulfuric and nitric acid solutions for
this purpose.

The paper consists of six chapters:

Chapter 1 provides an introduction, the definition, physical properties, historical development, fundamental
theory of superconductors, and the objectives of this research. The discovery and exploration of superconductors
represent significant milestones in the history of physics, elucidating the behavior of materials under extreme
conditions. Investigations into superconductivity have enhanced our comprehension of quantum mechanics and
condensed matter physics, exerting a substantial influence on both technology and industry. The Cu valence is
instrumental in the measurement of physical properties of cuprate superconductors. This study aims to ascertain
the efficacy of the newly DO/CI method with differential equation correction in determining the Cu valence
across a variety of cuprate superconductors. .

Chapter 2 describes the experimental methods, including the principles of sample synthesis (solid-state
reaction method) and physical property analysis methods (XRD, iodometric titration method, DO/Cl method
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with differential equation correction). The solid-state reaction method for sample synthesis involves weighing
and mixing raw materials, pre-firing them in an electric furnace, followed by pellet formation and final sintering.
Samples with varying oxygen content and Cu valence were prepared by changing the annealing temperature and
chemical composition. The crystal structure was confirmed by the powder X-ray diffraction method. The oxygen
content was measured using both the traditional iodometric titration method and the newly developed DO/CI
method with differential equation correction, and the values were compared each other.

Chapter 3 presents the experimental results of the YBCO superconductor, XRD confirmed that all samples
were single-phase. With increasing oxygen content, the b-axis length increased while the a- and c-axis lengths
decreased, consistent with known trends. Rietveld analysis confirmed the oxygen-deficient triple perovskite
structure. The Cu valences measured by the DO method with differential eguation correction was about 0.05 -
0.06 lower than that those measured by the iodometric titration method. This discrepancy was attributed to the
generation of Cl, gas, and the amount of generated Cl» gas was measured to further correct the Cu valence
{DO/CI method with differential equation correction). The average error of the Cu valence measured by the
DO/Cl method with differential equation correction was 0.008, with a maximum error of 0.01, demonstrating the
high accuracy.

Chapter 4 presents the experimental results of the Bi2201 superconductor. XRD analysis confirmed that all
samples were single-phase. Substitution of La for Sr resulted in continuous changes in the a, b, and c-axis
lengths, confirming the successful preparation of the targeted samples. The Cu valence measured by the DO
method with differential equation correction was about 0.28 - 0.33 lower than that obtained by the iodometric
titration method, and the oxygen content was about 0.14 - (.16 lower. These discrepancies were attributed to the
generation of Cla gas, and the amount of generated Cl; gas was measured to correct the Cu valence and oxygen
content. The average error of the Cu valence measured by the DO/CI method with differential equation
correction compared to the iodometric titration method was as small as 0.006, with a maximum error of 0.016,
demonstrating unprecedented measurement accuracy.

Chapter 5 discusses the influence of acids. The Cu valence and oxygen content measured in 1 mol/L HCI,
H,S04, and HNO: solutions using the DO/CI method with differential equation correction were compared with
the that measured by the iodometric titration method. When H2SO4 solution was used, the Cu valence measured
by the DO/Cl method with differential equation correction was about 0.29 - 0.39 lower than that measured by
the iodometric titration method, and the oxygen content was about 0.15 - (.20 lower. When HNO; solution was
used, the Cu valence was about 0.31 - (.41 lower, and the oxygen content was about 0.16 - 0.20 lower. These
differences are attributed to no generation of Cl; gas in these acidic solutions. The experimental results indicate
that the accuracy is significantly improved by using HCI solution in the dissolved oxygen method.

Chapter 6 serves the conclusion. This study introduces the DO/Cl method with differential equation correction
as an alternative to the conventional iodometric titration method for measuring the Cu valence and oxygen
content in cuprate superconductors such as YBa,CuzOy and BisSry.La,Cu0Oy. Employing a hydrochloric acid
solution, the DO/C] method with differential equation correction precisely measures the Cu valence and oxygen
content in these superconductors, reducing the measurement duration to just one-third of the time required by the
iodemetric tiration method. The resulis confirm that this method is a promising technique for short-time and
accurate measurement of Cu valence in YBa)CusOy and BixSro.La,CuO, superconductors. Moreover the
findings of this study are anticipated to be applicable in measuring the Cu valence and oxygen content of other

ceramic materials as well.
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