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Analysis of the kinetics of relaxation processes observed at room temperature in the
ReBa,Cu;0,_, (Re=Y, Ho) compounds, having a high-temperature superconductivity is
made. It was concluded that the initial (faster) stage of these processes is controlled by a
single-file diffusion of oxygen along one-dimensional chains of vacancies, forming in the
oxygen sub-lattice of compound with a deficit of oxygen, and final (slow) stage controls by
the usual classical diffusion. Presented and discussed the results of two-stage relaxation
of the electrical resistance of above mentioned compounds which were a long time (more
than three days) at room temperature in air.

Keywords: ReBa,Cu;0,_, single crystals, oxygen vacancies, annealing processes, diffu-
sion mechanism.

IIpoBeseH aHa M3 KUHETHKU PeJaKCAIMOHHLIX IIPOIECCOB, HaOJIOJaeMLIX IIPH KOMHAT-
HOII TeMIlepaType B BHICOKOTEMIEPATYDPHBEIX CBePXIIpOBOgAmuX coepuuenuax ReBa,Cu,O,_,
(Re=Y, Ho). Cagenan BBIBOJ O TOM, uTO HauaJbHad (Goisee ObicTpasd) CTAOUA STUX IIPOIECCOB
KoHTpoaupyercsa oguHodaiiaoBoil guddysueil KUCIOPOLa BIOJb OJHOMEPHBIX IEIIOUEeK BaKaH-
cuii, o6pasyoIUXcad B KUCIOPOAHOI IIOApeIleTKe COeAWHEHUs ¢ me@HUIIMTOM KHCJIOpoaa, a
KoueuHas (6osiee MemeHHAs) — C IIOMOIIBIO OOBLIUHON KJjaccuueckoll muddysuun. IIpescrae-
JeHBl U OOCYKIEeHBl Pe3yJbTATHl NBYXCTYIIEHUATON pPelaKcaluy JeKTPUYECKOr0 COIIPOTUB-
JIEHUS BBIIIEYIIOMAHYTHIX COCIMHEHNM, KOTOPble HAXOAWJINCh AJAUTEJIbHOE BpeMs (fosiee Tpex
OHeW) IpM KOMHATHOM TeMIlepaType Ha BO3LYyXe.

Onnodaiimosa gudysia y Hegogomosammx KucHeM MoHOKpHcTaxax ReBa,Cu,O,_
(Re=Y, Ho). I0.I.Boiixo, B.B.Bozdanos, P.B.Bosx, O.I'Opm, IO0.B.JlumsuHnos

ITpoBemeno ananmisa KiHeTHMKM penakcaliiHUX ImIpoleciB, AKi coocrepiramoTbesd NOpu
kiMHATHIN TeMmIleparypi B BHCOKOTeMIIEpaTypHHX HaAIpoBigamx cnoxykax ReBa,CuzO;_,
(Re=Y, Ho). 3pobieno BHCHOBOK IIPO Te, IO IIOYATKOBA (OiAbII IIBUAKA) CTaxiA MUX MIPOIiEciB
KOHTPOJIIOETECA OZHOMANI0BOIO Au()y3i€l0 KICHIO B3IOBM OJHOBMMIPHHX JIAHIIOMKKIB BakaHCii,
10 YTBOPIOIOTHCA y KHCHEBill migrparumi cmoaykum s medimmrom KucHO, a Kimmesa (Ginbmr
HOBiIbHA) — 3a mOIOMOroio 3pmuaiinoi rjacmunHol audysii. IlpexcraBieHo Ta oOroBopeHo pe-
3yJbTATH [IBOXCTYIIIHYACTOI pesaxcalii eJeKTPHUYHOrO OIIOPY BUIIe3a3HAUEeHHX CIOJIYK, KOTpi
nepebyBasiu TpuBasauii uac (6iabille TPHOX AHIB) HpW KiMHATHIN TemmeparTypi Ha mOBiTpi.

© 2017 — STC "Institute for Single Crystals”

The YBa,Cuz0,_, crystal is a well-known
and one of the most studied ionic com-
pounds regarding the so called "high-tem-
perature” superconductivity [1]. An impor-
tant feature of the structural state of this
crystal is the presence in its lattice one-di-
mensional ordered clusters formed by oxy-
gen vacancies [2]. The formation of such
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structural defects is due to the layered na-
ture of the crystal lattice, as well as due to
the deficiency of the oxygen ions, charac-
terized by the parameter (x).

It should be noted that the supercon-
ducting properties of the YBa,Cu3O,_, sys-
tem (the transition temperature to the su-
perconducting state T, the electrical resis-
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Fig. 1. The dependence of electrical resistivity of YBa,CuzO,_, (a) and HoBa,Cu;O,_ , (b) single
crystals from the time of exposure in air at room temperature.

tivity p, the critical current density J, et
al.) are substantially dependent from the
degree of the vacancies’ concentrations fill-
ing by oxygen ions, i.e. depends by the
value of the parameter (x). Thus, for exam-
ple, if when we change the value of the
parameter (x) from =0.1 to =0.4, a decrease
for the T, is observed from T.~92 K to
T.~50 K, and for values of x = 0.5 the su-
perconductivity in this crystal disappears
[3]. Similar dependences from the value of
the parameter (x) are also observed in the
study of other characteristics of the above
described superconductor. This effect is as-
sociated with the formation of one-dimen-
sional chains of oxygen ions (clusters) that
is formed as the clusters of structural va-
cancies is filling. Oxygen clusters with Cu
ions forming the so-called U-centers that
are capable in generating of coupled electric
charge carriers [4—6].

The formation of clusters occurs by the
diffusion of the oxygen ions during the
high temperature annealing process of the
crystal in an oxygen atmosphere. As evi-
denced by the results of [7], the diffusion
filling of the YBa,CuszO,_, crystal by oxy-
gen ions takes place by two different mecha-
nisms. At the initial stage when we have a
large deficit of oxygen ions ((x) = 0.4) the
process of filling the crystal lattice by oxy-
gen ions occurs in the mode of the "single
file” diffusion [8]. This accelerated trans-
port of oxygen ions is replaced by the usual
classical diffusion mechanism at the final
stage of the process, when the parameter
(x) > 0.1. Based on this faect, it is natural
to assume that many of the relaxation proc-
esses observed in the studied crystal at
room temperature, can also be controlled by
these oxygen ions diffusion mechanisms.
Oxygen is sufficiently contained in the con-
ventional air atmosphere in which usually
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— most often — the crystals are stored. In
this study, the relaxation of the electrical
resistance of ReBa,Cu30,_, (Re=Y, Ho) sin-
gle crystals that is keeping for a long time
(more than three days) at room temperature
in air atmosphere is investigating (to prove
the correctness of the above assumption).

The ReBa,Cuz0,_, (Re=Y, Ho) single
crystals grown by gold crucible solution —
melt technology as described in [9]. Meas-
urement of the electrical resistance of the
samples was carried out by a standard four-
point scheme using two pairs of silver con-
tacts. After cooling the samples until room
temperature for 2—3 minutes, the electrical
resistivity measurements were occurred. We
subsequently repeated the measurements at
intervals of about 5—7 h at a total exposure
of the sample for three days.

The results of these measurements are
presented in Fig. 1. As in [7], we can
clearly observe the two-stage process of re-
ducing the resistivity with an increase in
the exposure time. At the initial stage (ap-
proximately 20 h), accelerated kinetics is
recorded, which is replaced by a slower one,
emerging to the saturation at exposure up
to three days.

To explain this result, as in [7], we used
the fact that at room temperature and
above, the ReBa,Cu;0,_, (Re=Y, Ho) crys-
tals are common semiconductors. Accord-
ingly, an increase in oxygen ions concentra-
tion causes an increase in the electrical con-
ductivity and the corresponding decrease in
electrical resistivity p. At the same time,
the change in the oxygen concentration in
the crystal from the time ¢ is described by
the same law as the average displacement of
the diffusing oxygen ions into the crystal:
L> = (2Dt)1/2 (where D is the diffusion co-
efficient) [10]. Consequently, we can judged
from the 1/p2 = f(t) the time dependence of
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Fig. 2. The plots of 1/p2 = f(¢) dependence.

the mean square displacement of oxygen
ions in the process of their diffusional in-
troduction <L2> = f(¢). In turn, the <L2> =
f(t) dependence defines the ion diffusion
mechanism: The <L2> ~¢1/2 dependence
corresponds to a single file diffusion, and
the dependence <L2> ~ ¢ consistent with the
common classical diffusion [8]. Using the
experimental data presented in Fig. 1, we
processed them by building the (1/p2) = f(¢)
dependence (see Fig. 2). From this figure, it
follows that the initial stage of the relaxa-
tion process p = f(¢) is controlled by a sin-
gle-file diffusion mechanism, and at the
final stage this process occurs in the classi-
cal diffusion regime. Thus, in this case, a
certain influence could have the specific
mechanisms of quasiparticle scattering [11—
15], due to the presence in the system ki-
netic and structural anisotropy.

In all high-temperature oxide supercon-
ductors, characterized by an oxygen ions de-
ficiency, and in particular, in the
ReBa,Cuz0,_, (Re=Y, Ho) compounds, re-
laxation of the electrical resistivity at room
temperature is observed, controlled by a sin-
gle file diffusion and by the classical oxygen
ions diffusion. It should be noted, that some
other relaxation processes that observed in
the oxide high-temperature superconductors,
can also be described by the same kinetic
laws. As an example, we can mention the
time dependence of temperature T at which
the pseudo-gap opens, during exposure of the
sample at room temperature (Fig. 3).
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Fig. 8. Dependence of the temperature T* at
which the pseudo-gap opens, during exposure
of the sample at room temperature in air
atmosphere [6].
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