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We investigate the conducting properties of the optimally oxygen doped YBa,CuzO;_g
single crystals in the basal ab-plane before and after a long time exposure (aging) at air
atmosphere. Prolonged exposure leads to increase of amount of the effective scattering
centers of the normal carriers. The excess conductivity in a wide temperature range has
exponential temperature dependence and near the critical temperature (T,) is well de-
scribed within the Aslamazov-Larkin theoretical model. Here we show that the prolonged
exposure leads to a great extention of temperature range of the pseudogap state implemen-
tation and to narrowing the linear section of the dependence p,(T).

HUccnenoBana OTpoBOAUMOCTL B 0a3WCHOH TJOCKOCTH ONTHUMAJLHO JOMUPOBAHHBIX MOHO-
kpucramios YBaCuO mo u mociae maurenbHoil BhIgep:Ku (aging) B armocdepe Bosgyxa.
Iloxasano, uTO MIKTENbHAS BBIAEPIKKA IPUBOIUT K BO3PACTAHUIO UMcaa d(PHEKTUBHBIX I[EHT-
POB paccesHNS HOPMAJAbHBIX HocureJei. MI30bITOUHAA IIPOBOAMMOCTD MCCJAEIOBAHHBIX 00pas-
I[OB B IMHPOKOM HHTEPBAaJe TEMIEPATYD IIOJUMHAETCS SKCIOHEHIIUAILHOU TeMIlepaTypHOil
3aBUCHUMOCTH, 4 BOM3Y T, yIOBIETBOPUTENBHO OIMCHIBACTCA TEOPETUYECKON MOAENbI0 Acia-
masoBa-Jlapkuna. IIpu sToMm gnuresabHAs BBIIEPIKKA CIIOCOOCTBYET 3HAYNTEIBHOMY pPacIlIUpe-
HUIO TEMIIEPATyPHOTO HHTEPBAJIA Pealnsalii IICEBIOIIEeIeBOT0 COCTOSHUA U CYIIeCTBEHHOMY
CYMKEHHUIO TeMIICPATyPHOTO MHTEPBaNa JIUHEeWHOU sapucumMocTh P, (T).

Aging-effect B onTumaneno momopammx momoxkpucranax YBa,Cu;0,_ 5. 3.9.Hasupos,
A.B.Ilonosa, P.B.Bosk.

HocrimkeHno mpoBigHicTs B 0asucHifl MAOMMHI ONTUMAJIBLHO JOMOBAHHX MOHOKPHCTAJIB
YBaCuO mo i micaa tpusamoi surpumxu (aging) B armocdepi mosirpa. IToxasano, wmio
TPHBaJa BUTPUMKA IIPHUSBOIUTL A0 B3POCTAHHA uuncaa ePeKTUBHUX LEHTPIB posciloBaHHA
HOpMaJMbHUX HOciiB. HagauinmkoBa nposigHicTs gociaimmeHux 3paskiB y IIMPOKOMY iHTepBaJi
TEMIIEPATYD HiTKOPACTbCA €KCIOHEHIIaNbHINA TeMIepaTypHil sanenocri, mobausy T, 3amo-
BiJIBHO OIIMCYETBHCH TEOPETUUHOIO0 Momeiaio Acnamasosa-Jlapkuua. [Ipu npoMmy TpuBaia BUT-
PHUMKA CIIpHSAE 3HAUHOMY PO3IIMPEHHIO TEMIIEPATYPHOIO iHTepBandy peaJisallii nmceBaomianH-
HOT'O CTaHy Ta CyTT€BOMY 3BYKCHHIO TEMIICPATYPHOTO iHTepBady JiHiMHOL 3amemnocTi P, (T).
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1. Introduction

An important feature of technological
use of so called 1-2-3 system, ReBa,Cuz0;_;
(Re =Y, or other rare-earth element) com-
pounds, is the oxygen subsystem stability.
As is known in this compounds with non-
stoichiometric oxygen composition the non-
equilibrium state can be induced using tem-
perature [1, 2] or high pressure [3, 4]. This
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is accompanied by redistribution of the
labile oxygen (structural relaxation), which,
in turn has a significant impact on the
critical and electro-transport parameters of
the superconductor [1-4].

It is assumed that in optimally oxygen
doped ReBa,Cuz0;_5 (8 <0.15) compounds
such relaxation processes do not occur and
that their electrical properties are practi-
cally unchanged under impact of external
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extreme influences [5]. Despite a large num-
ber of works [6, 7] devoted to the study of
non-equilibrium conditions and the struc-
tural relaxation in the 1-2-3 system, the
question about impact of the long-term ef-
fects of external factors (such as atmos-
phere) on structural parameters and electro-
transport in such compounds is still open.
The studies devoted to aging itself are
rather limited and confined to ceramic [8],
films [9] or textured [10] samples for very
different technological applications. As a
consequence, the experimental data are
often highly controversial. For example, in
[11] reported about significant increasing
the superconductive volume fraction of the
sample, the intragranular critical current
density, and the pinning force density in
the process of long-term aging. At the same
time, other studies [8-10] revealed a sig-
nificant degradation of the above mentioned
properties under long time exposure in air.
There is also a substantial variation in the
superconducting state parameters.

Additionally, ReBay,Cu3O;_s5 compounds
practically always have planar defects —
twin boundaries (TB) [12], which complicate
the study of electric transport properties
under the external forces influence. It is
important to clarify these issues and this
requires the study of pure and perfect sin-
gle-crystal samples. In particular, study on
the longtime atmosphere influence on condi-
tions and regimes of fluctuation paracon-
ductivity (FC) [13, 14] and on so-called
pseudogap anomaly (PG) existence in these
compounds [15, 16] could be important not
only for understanding the nature of high-
temperature superconductivity (HTSC) but
also for determination of the empirical ways
to enhance their critical parameters. In the
present study we investigate the impact of
prolonged exposure at air on various re-
gimes of conduction in the basal ab-plane of
oxygen optimally doped YBa,CuzO;_g single
crystals with a high critical temperature
T.=90 K.

2. Experimental

YBa,Cuz05_5 single crystals were grown
in a gold crucible by solution-melt technol-
ogy described in details in the previous
study [12]. Electrical resistance in the ab-
plane was measured by standard 4-point
probes method in direct current up to
10 mA. The sample temperature was meas-
ured with a platinum resistance thermome-
ter. The first measurements of the electrical
resistivity in the basal ab-plane were per-
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Fig. 1. p,,(T) Dependence of YBa,CuzO;_g sin-
gle crystal before and after long aging at air,
curves I and 2, respectively. Arrows show the
mean field transition temperature to the
pseudogap regime, T". Inset (a) shows the same
dependence in p,,/p,,(300) versus T coordi-
nates, inset (b) shows transitions to the super-
conducting state in p,, versus T and dp,,/dT
versus T coordinates for the same samples.
Numbering of the curves in the inset corre-
sponds to the numbering in the figure.

formed immediately after removing the
crystal from the melt and their oxygen
saturation to the optimum value (5 <£0.1).
After these measurements, the crystal was
stored in a glass container until re-measure-
ments, which were carried out after
17 years. The resistivity measurements
were made as re-testing of the sample im-
mediately prior to studies of the magnetic
flux dynamics in the samples, the results of
which will be presented in the future study.

3. Results and discussion

Temperature dependence of the resistiv-
ity in the ab-plane p,(T) measured before
and after long time exposure in air atmos-
phere is shown in Fig. 1. The resistive tran-
sitions to the superconducting state in coor-
dinates of p,, versus T and dp,,/dT versus
T are shown in inset (a) of Fig. 1. It is seen
that before and after exposure the fairly
extended linear section remains on the de-
pendences p,;(T), however, the temperature
deviation from the linear dependence of T
in the process of long-term exposure at air
significantly shifted toward the higher tem-
peratures. At the same time, electrical re-
sistivity in the ab-plane at the room tem-
perature increased from 155 to
491 wOhm-cm, and width of the resistive
transition to the superconducting state AT,
increased approximately threefold (from 0.3
to =10 K). The transition has acquired a
stepped form that testifies to appearance of
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Table
Sample T., K Pp(300), | T K [A*, meV| g, Osp 02D | £(0), A
uQ-cm

Before 92.1 153 147 89 0.064 | —0.502 | —-1.128 | 1.49

aging

After | T,, | 86.4 491 228 42 0.035 | —0.517 | -1.060 | 1.09

aging

T., | 92 0.172 | -0.493 | -1.031 | 2.43
the phase separation in their volume [2, 4]. 10°
This last comment is also supported by pres- b
ence of the clearly pronounced additional 10" :
peak in the dependence dp,,/dT versus T. - >
In accordance to the previous studies [1-4], 510
these peaks correspond to T, of different o] 10°
phases within the volume of the crystal. In ;f
our case it was possible to identify at least < 4o
three of these phases with different T.. Pa- ‘
rameters of the samples are given in Table. 10° £
Using previously published data on the T, . 1
. 10' 1 1 1 1

dependence from oxygen concentration [17], 40x10°  B.0x10°  80x10°  1.0x10°
we can conclude that its oxygen content with 1T K

aging is slightly decreased (by 1-4 %) and
remains within the limits § < 0.2.

As shown by metallurgical studies on op-
tical microscope in polarized light the TB
structure in the both samples did not
change with aging. Therefore the electrical
resistance increase cannot be due to influ-
ence of the twin boundaries. Therefore, the
observed increase of pg, is likely caused by
decrease of the carriers density or by emer-
gence of effective scattering centers. This is
consistent with increasing the number of
vacancies forming during the long time ex-
posure at air and the increase of the degree
of oxygen’s nonstoichiometry connection.

As it can be observed in Fig. 1, when
temperature falls below a certain charac-
teristic value T, a deviation of the Pap(T)
from the linear dependence occurs indicat-
ing the appearance of excess conductivity,
which can be due to transition to pseudogap
regime (PG) [15, 16]. Currently there are
two main scenarios of the pseudogap anoma-
lies in HTSC systems. According to the first
scenario, the occurrence of the PG is associ-
ated with short-range order fluctuations of
"dielectric” type, taking place in under-
doped compounds (see for example [18]).
The second scenario assumes the formation
of the Cooper pairs at temperatures signifi-
cantly above the critical, T* >> T., followed
by establishment of its phase coherence at
T <T.[19, 20].

Notably, from Table and Fig. 1, pro-
longed annealing leads to a significant nar-
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Fig. 2. Temperature dependences of the ex-
cess conductivity in the ab-plane for
YBa,Cug0;_g single crystal in InAc — 1/T ver-
sus InAc — Ine coordinates (inset). Names (no-
tation) of the curves are relevant to Fig. 1.
Dashed lines in Fig. 2 show the approxima-
tion of equation (2), and in the inset, straight
lines — the approximation with slope
tga,; = —0.5 (3D regime) and tgo, = -1.0 (2D
regime). Arrows show the point of 2D-3D
crossover.

rowing of the field of linear dependence
Pap(T) comparing to the original sample,
and the temperature T is shifted to higher
temperatures by about 80 K, indicating cor-
responding increase of temperature interval
of the excess conductivity existence.

Temperature dependence of the excess
conductivity can be determined by the fol-
lowing equation:

Ac = 6 — oy, 1)
where oy = po’l = (A + BT)'}, is conductiv-
ity, determined by extrapolating the linear
part to zero temperature, and ¢ =p1, is
the experimentally determined value of con-
ductivity in the normal state. The experi-
mental dependences of Ac(T) are shown in
Fig. 2 in Indc versus 1/T coordinates. For a
wide temperature range, these curves are
straight lines corresponding to description
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of the exponential dependence by the for-
mula:

Ac- exp(A*aw/T), (2)

where A*,,, is value which defines a certain
thermal activation process through the en-
ergy gap, the "pseudogap”.

As it was observed previously in [20],
the approximation of the experimental data
can be greatly enhanced by introduction of
the factor (1 — T/T¥). In this case, the ex-
cess conductivity is proportional to density
of the superconducting carriers ng~ (1 -
T/T"), and inversely proportional to the
number of pairs ~exp(—A*/kT), destroyed by
the thermal motion. In this case, T* is con-
sidered as the mean field transition tem-
perature and the temperature range T, <T
< T¥, in which the pseudogap state exists,
is determined by the rigidity of the order
parameter phase that in its turn depends on
the oxygen deficiency or the doping element
concentration. Specific mechanisms of qua-
siparticle scattering can play some role. The
mechanisms are conditioned by the presence
of structural and kinematic anisotropy in
the system [21-24]. The value of A*, ob-
tained from Eq. 2 for our experimental sam-
ples is shown in Table. It is evident that the
long aging leads to significant reduction in
the absolute value of the pseudogap
A*KI/A*K2 = 2.07.

It can be inferred from Fig. 2 that by
approaching the T, the sharp increase in the
value of Ac takes place. From the theory [25]
it is known that near the T, the excess con-
ductivity is caused due to fluctuation pairing
of the carriers’ processes, whose contribution
to the conductivity at T > T, for 2D and 8D
cases is determined by the degree dependences
determined by the formulas:

2
e —

62 -1
NGy = — e )
8D = 3amE (0)

where ¢ =(T-T,)/T., e is the electron
charge, £.(0), is the coherence length along
the ¢ axis at T — 0 and d, is the charac-
teristic size of a two-dimensional layer. In
our case, T, is defined by the maximum on
the dp,,(T)/dT dependences in the supercon-
ducting transition region (Fig. 1(a)).
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The inset in Fig. 2 shows the tempera-
ture dependence of Ac(T) in InAc versus
Ine coordinates. Near T, these relationships
are satisfactorily approximated by straight
lines with slope tgo; = —0.5 corresponding
to the exponent —1/2 in (4), which clearly
shows the three-dimensional nature of the
fluctuation superconductivity in this tem-
perature interval. At higher temperatures
the rate of Ac decrease significantly in-
creases (tgoy = —1), which, in turn, could be
seen as an indication of the change in the
fluctuation conductivity dimension. It
should be also noted that the dependence,
received after the prolonged annealing, is
characterized by double crossover 2D-3D,
corresponding to the various phases of T..
As follows from (3) and (4), at 2D—3D cross-
over:

E.(0)eg2 = d/2. (5)

In this case, determining the value of g
and using the bibliography data regarding
dependence of the inter-plane distance from
S [12] (d=11.7 A), we could calculate the
value of £.(0). The calculations have shown
that in the process of aging the change in the
coherence length value from &.(0) = 1.49 A
up to &.,(0)=1.09 A and &.,(0)=2.43 A
for fazes 1 and 2. Finally, the 2D—8D cross-
over point is significantly shifted by tem-
perature (Table and inset in Fig. 2).

4. Conclusion

In conclusions the long time exposure of
the optimally oxygen doped YBa,Cuz0;_g
single crystals at air leads to partial degra-
dation of the conducting properties and
emergence of the effective scattering cen-
ters of the carriers. The excess conductiv-
ity, Ao(T) of YBa,Cus;0,_g single crystals, in
a wide temperature range T<T< T* has
exponential temperature dependence and in
the case of approximation to T,, is well de-
scribed within the Aslamazov-Larkin theo-
retical model. Prolonged annealing of
YBa,Cusz0;_5 single crystals facilitates to
great extent of the temperature range of
implementation of the pseudogap state in
the ab-plane, thus narrowing the linear por-
tion of the dependence p, (7). In the aging
process it is also showing signs of the phase
separation in the experimental samples vol-
ume, which are shown in the presence of
additional peaks in the curves dp,(T)/dT in
the superconducting transition region.

397



Z.F.Nazyrov et al. /| Aging-effect in optimal doped ...

References

. J.D.Jorgencen, P.Shiyou, P.Lightfoot et al.,
Physica C, 167, 571 (1990).

. M.A.Obolenskii, A.V.Bondarenko, R.V.Vovk,
A.A.Prodan, Low Temp. Phys., 23, 882 (1997).

. S.Sadewasser, J.S.Schilling, A.P.Paulicas,
B.M.Veal, Phys. Rev. B, 61, 741 (2000).

. R.V.Vovk, G.Ya.Khadzhai, Z.F.Nazyrov et
al., Physica B, 407, 4470 (2012).

. R.V.Vovk, N.R.Vovk, G.Ya.Khadzhai et al.,
Physica B, 422, 33 (2013).

http://dx.doi.org/10.1016/j.physb.2013.04.032.

6

10.

11.

. B.W.Veal, H.You, A.P.Paulicas et al., Phys.
Rev. B, 42, 4770 (1990).

. J.Kircher, M.Cardona, A.Zibold et al., Phys.
Rev. B, 48, 9684 (1993).

. Z.Li, HWang, N.Yang et al., J.Chin.Ceram.
Soc., 18, 555 (1990).

. K Schlesier et al., J. Phys.:.Conf. Ser., 234, 012036
(2010). doi:10.1088/1742-6596,/234/1,/012036.

B.Martinez, F.Sandiumenge, S.Pinol et al.,
Appl. Phys. Lett., 66, 772 (1995).

Qing-Rong Feng et al., Supercond. Sci.Tech-
nol., 6, 715 (1993). doi:10.1088/0953-
2048/6/10/002.

398

12

138.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

. R.V.Vovk, M.A.Obolenskii, Z.F.Nazyrov et
al., J.Mater Sci.: Mater. Electron., 23, 1255
(2012).

S.Hikami, A.I.Larkin, Modern Phys. Lett., B2,
693 (1988).

R.V.Vovk, G.Ya.Khadzhai, I.L.Goulatis,
A.Chroneos, Physica B, 436, 88 (2014).
J.Ashkenazi, J.Supercond. Nov. Magn.,
1281 (2011).

R.V.Vovk, M.A.Obolenskii, A.A.Zavgorodniy
et al., J. Mater. Sci.: Mater. Electron., 20, 858
(2009).

P.Schleger et al., Physica C, 176, 261 (1991).
M.V.Sadovskii, Phys. Usp., 44, 515 (2001).
E.Babaev, H.Kleinert, Phys. Rev. B, 59, 12083
(1999).

R.V.Vovk, M.A.Obolenskii, A.A.Zavgorodniy
et al., J. Alloys Compd., 485, 121 (2009).
D.H.S.Smith, R.V.Vovk, C.D.H.Williams,
A.F.G.Wyatt, New J. Physics, 8, 128 (2006).
R.V.Vovk, A.A.Zavgorodniy, M.A.Obolenskii
et al., Mod. Phys. Lett. B, 24, 2295 (2010).
R.V.Vovk., C.D.H.Williams, A.F.G.Wyatt,
Phys. Rev. B, 69, 144524 (2004).

R.V.Vovk, N.R.Vovk, 0.V.Shekhovtsov et al.,
Supercond. Sci. Technol., 26, 085017 (2013).
L.G.Aslamazov, A.l.Larkin, Phys. Lett., 26A,
238 (1968).

24,

Functional materials, 21, 4, 2014



