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Abstract. The structural characteristics of samples of a four-component superconducting material 
(YBCO) after exposure to X-ray irradiation during a long time are investigated. The effect of X-
ray beam processing on angular positions (corresponding parameters of the crystal lattice) and the 
width of Bragg reflections is established. The phenomenon of oscillatory behavior in the unit cell 
dimension with long-time irradiation is found. The analysis of the profiles of reflection also 
demonstrates the presence of reversible changes phase composition with the exposure time. The 
observed phenomena reflect the presence of a nontrivial and specific process of compression and 
expansion of the unit cell due to the accumulation and then disengagement outside of ionized 
oxygen, which is formed under such irradiation exposure on the surface of the samples. 
Introduction 
Irradiation processing is widely used for alloying. This type of impact on materials needs to be 
considered in some applications.  For example, after the exposure to neutron irradiation of 
substances in which there are covalent chemical bonds, there happen either a change in the unit 
cell dimension [1-2], or even transformation of part of the volume into another element. 

There is a class of substances in which, along with rigid covalent and ionic types of chemical 
bonds, there also exist weaker chemical bonds. We observed the impact of soft X-ray irradiation 
on the structural characteristics of the known material DKDP (potassium dihydrogen phosphate) 
for the formation of biocrystals and the used in laser devices [3]. We also [4-5] studied the effect 
of maturing in the long-term X-ray exposure on the well-known superconducting four-component 
ceramic material YBCO (YBa2Cu3O7-x, yttrium barium cuprate). 

The distinctive feature of this substance is that oxygen, when chemically bound with these 
metals - Y, Ba, Cu - exist in three different charge states. These include oxygen bound with copper 
atoms in unit cell and which is in a nearly neutral state. Also, in [4] the changes were observed 
after a long maturing of the samples. Note that breathing modes of behavior of atoms are inherent, 
and most likely observed, for large macromolecules in bioactive substances. This phenomenon is 
unique for inorganic materials. 

In this article, we present the results from a new time-series experiment for YBCO samples, 
when measurements were carried out continuously, and discuss the possible mechanism of the 
observed oscillatory processes in it.  
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Samples and procedures 
YBCO samples were taken from a batch prepared as certified standard materials of composition 
and diffraction properties (GSO PRF-23) and had the composition YBa2Cu3O6.93. The 
superconducting transition temperature, Tc = 91,5 K, has been maintained for over 30 years since 
the creation of this batch. Also during this period, the characteristics of the full diffraction pattern 
were repeatedly measured. The calculations of the structural characteristics, carried out using the 
Rietveld method, confirmed the invariability of the composition of these samples. 

More detailed continuous measurements of the characteristics of the diffraction pattern during 
the X-ray exposure on the surface of the samples were carried out on the DRON-4 diffractometer 
(CuKɑ-radiation) and followed by additional measurements having much softer VKɑ-radiation 
and CrKɑ-radiation and then much harder MoKɑ-radiation. The oscillating changes in the angular 
positions and the shape of the profiles were revealed; however, after some time in the course of 
the measurements, the angular position of the reflections, corresponding to the change in the 
crystal lattice parameter, began to return to the initial state. A typical picture is shown in Fig. 1. 

 
Fig. 1. An example of changes in a diffraction reflection with Miller indices (002) at different 

time intervals of observation. 
To analyze the profiles the «Profan» program was used. The results showed that after the 

exposure to the X-ray beam, they can be described as a set of several profiles and in terms of the 
appearance of reflections corresponding to compositions with higher oxygen content. For softer 
VKɑ- and CrKɑ-radiations, the changes started faster and were more pronounced, and the opposite 
picture was observed under MoKɑ-radiation. 
Discussion 
The structural characteristics and properties of ceramic and single-crystal YBCO samples with 
different oxygen contents were studied in great detail by various methods [6]. When studying the 
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effect of laser irradiation of YBCO films, a change in the relief was found due to growth defects 
which are the results of relaxations of the accumulating strains [7]. 

The investigation of the photoresponse of YBCO films [8] showed that the relaxation of excited 
quasiparticles can occur owing to localized states near the Fermi level. The mechanism of similar 
photoinduced reactions based on the results of X-ray crystallographic and spectroscopic data was 
considered for proteins [9] and other substances [15]. 

The X-rays with different wavelengths, applied by us, gave the penetration into the analyzed 
sample volume of different depths. The obtained results indicate that the observed phenomenon 
occurs mostly in the near-surface regions of the samples. The appearance of additional reflections, 
reflecting higher oxygen content, means the oxygen penetration into the layers of surface. This 
process is possible because when exposed to X-rays, the air is noticeably ionized, and there is a 
part of more active oxygen (ozone) in it. Such oxygen saturates vacancies in the basal plane of the 
unit cell.  In that part of the vacancies some also contained oxygen with the charge of such atom 
being close to neutral. An anomalously high diffusion rate was then observed several times for this 
compound of this atomic plane.  

An increase in the oxygen content in a unit cell leads to a noticeable compression waves in this 
cell and the appearance of micro- and macrostresses in the sample. Indeed, we observed 
spontaneous bending of plates made of this material after a long maturing, which may be associated 
with relaxation of macrostresses due to the arising of compression waves. The presence of the 
compressed powder in quartz cuvettes for X-ray diffraction also led to cracking of the cuvettes 
holding this powder. This observation reflects a very high level of such macrostresses, capable of 
destroying a sufficiently strong material.  

The YBCO unit cell appeared because of the replacement of lanthanum and strontium in the 
LaSrCuO4-x compound for yttrium and barium, which led to a strong chemical contraction of this 
cell, along with an increase in Tc from 39 to 92K. We considered a similar chemical contraction 
effect for another superconducting compound V3Si [10]. In this case, due to the chemical 
contraction of V atoms by Si atoms with covalent bonds, the value of Tc also increased almost 
three-fold.  

Moreover, we observed the phenomenon of strong swelling of V3Si, milled to a fraction of 20 
microns and pressed in cuvettes when the maturing process took place. In some cases, when the 
milled particles decreased to 3-5 microns, the cracking of quartz cuvettes was also observed, 
similar to that observed for YBCO. 

The nonlinearity of the response of a multicomponent system to external influences at the 
electronic and atomic level of structure was inherited during the transition to a larger scale of the 
structure [11-12] and vice versa. For several samples this manifested itself in the appearance of 
chaotic phenomena and avalanches when exposed to a strong magnetic field [13-14] of near the 
superconducting state. 

It should be noted that the process of self-organization in highly nonlinear systems can be 
associated with bifurcations and different trajectories of the dynamic process. Therefore, the longer 
observation we made, we were able to see different sequences of changes in the diffraction pattern 
and the contribution of the emerging regions with different oxygen contents. However, despite the 
different levels of oscillations of the structural characteristics, they all returned to their initial state. 

The oscillatory phenomena are well studied in the reaction-diffusion systems [15]. In [16], on 
the basis of synergetic approaches, as a theory of self-organizing systems, it is shown that the 
controlling of the structure and properties is related to establishing conditions of spontaneously 
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released elastic energy as the system loses its space-time symmetry being an independent source 
of energy. 

At the atomic level, however, this observation is considered to be rather unique. Therefore, the 
YBCO samples were also provided to the Division of Material Reliability, NIST, USA, where they 
were analyzed on their X-ray diffractometer. The presence of oscillatory changes in the 
characteristics of the diffraction pattern was confirmed, which shows the reproducibility of the 
observed phenomenon. 
Summary 
The emerging of spatio-temporal patterns demonstrates the process of self-organization in this 
ceramics at the atomic and microscopic levels as well as the presence of peculiar ‘breathing’ modes 
of behavior of this multicomponent material. At the same time, the added complexity of the 
structure of the material by several components with variable concentration leads to the dynamics 
of processes, which has a more pronounced nonlinear character, and a variety of the observed 
spatio-temporal patterns. 
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