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The properties of internal (chemical) pressure P; in superconducting YBa2Cu307_y
perovskite are analytically investigated. Predicted are the values of the critical tempera-
ture T, for the main crystallographic axes, the change of the value of dT,/dP; and the
possibility to obtain YBa2Cu307_y samples with T, = 166.7 K.

BrLimosHeHo aHaJUTUYeCKOe WCCJIeL0oBaHle C IeJILI0 ONpeleeHUs CBONCTB BHYTPEHHEro
(xuMuueckoro) gaBieHusa P, B cCBepXNIPOBOJAIIEM IEPOBCKUTE YBaZCu307_y. IIpencrasanbl
SHAUCHWA KPHTHYECKOU TeMmepaTypel T, IJf TJIABHBIX KpHUCTALIOrpauuecKux ocel, mame-
Henue Beauuunel dT,/dP;, a TAKMe¢ BOBMOMHOCTD IIOJYYCHUA YBaZCu3O7_y obpasuos ¢ T, =
166.7 K.

BaactuBocTi BHYTPIIIHBOTO (XiMiYHOT0) THCKY y HAJNPOBiTHOMY YBaZCu307_y me-
POBCKiTi, cTBopeHOoMy KucHeM. B.II . Xipuuil.

BuxoHaHo aHaXiTHYHE AOCTifKeHHA BIACTUBOCTell BHyTpimHBOro (ximiumoro) Tucky P; y
HAIIPOBIZHOMY IIepPOBCKiTi YBaZCu307_y. IlepenbaueHo sSHaueHHS KPUTHUYHOI TeMIlepaTypu
T, nna pisHmx KpucramorpabiuHux oced, sminy Beamuunu d7T,./dP;, a TAKOM¥ MOMIMBICTb

BUT'OTOBJICHHS YBazCu307_y spaskis 3 T, = 166.7 K.

1. Introduction

Changes in the properties of HTSC doped
with metals and of other perovskites are
often referred to the influence of the internal
pressure P; on their crystalline structure, see
e.g. [1]. P; is expressed in the form [1]:

P, = (1/k)I1 - a;(x # 0)/a;(x = 0)], 1)

where k; are the compressibility coeffi-
cients: volume k, and linear — in the direc-
tion of compressibility along the crystal-
lographic axes "a" — k,, "b" — ky,"¢" —
k.; a;, the crystal lattice parameters a, b, ¢
and the elementary cell volume V; x, the
quantity of doping impurity.

The properties of the superconducting
compound Y(Ba,M),CuzOg_, doped with Sr,
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La are considered in [2]. The impurities se-
lectively substitute up to 35 % of Ba with-
out arbitrary replacement of Y by Sr or La.
The substitution of Ba by Sr created conven-
tional chemical pressure. At the same time
the substitution by La raised the amount of
oxygen and the value of internal pressure in
the crystal lattice.

For determination of the value of inter-
nal pressure created by oxygen in
YBa,Cusz0;_, samples it is necessary to
know the relation between the oxygen index
and the crystal lattice constants. Such a re-
lation was found in [3, 4], where (7—y) var-
ied from 6.2 to 6.9. Thereat, the constants
a and c¢ diminished, whereas b increased,
i.e. there was observed distortion of the
crystal lattice due to internal (local) defor-
mation.
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Fig. 1. Dependences of linear compressibility
coefficients on the oxygen index of (7-y): 1—
k., 2 -k, and 3 — k.

Investigation of the properties of cuprate
HTSC with oxygen non-stoichiometry is
greatly significant for understanding of the
mechanism of superconductivity [56—8]. In
the present work there was analytically de-
termined the internal pressure created by
oxygen in superconducting YBazCu3O7_y.

2. Discussion

For this purpose in (1) a;(x # 0) and V(x
# 0) were replaced by a;(7-y) and V(7-y),
respectively, with the values taken from
[3]; a;(0) and V(0) were assumed to be equal
to a; and V, respectively, in YBa,Cuz0Og,
sample [3]. The values of compressibility co-
efficients k; were taken from [9] for the
compounds YBa20U3066 and YBa2CU306'93.
As k, linearly diminishes with the growth
of (7-y) from 6.0 to 7.0 and k, =k, + & +
k. [9], each of these terms linearly depends
on (7-y), too. They were determined by
means of linear extrapolation.

Two known values of k; for YBa,CusOg ¢
and YBa,CugOg g3, i.e. at (7—y) equal to 6.6
and 6.93 [9], were joined by straight line.
Fig. 1 presents the dependences of k,, &
and k£, on the oxygen index values. The oxy-
gen index varied from 6.3 to 6.9 at an inter-
val of 0.1. As follows from Fig. 1, the linear
compressibility coefficients change along the
direction of the main axes at the rates
dk,/d(T-y) = dk,/d(T-y) = 81075 GPa'l,
dky/d(T-y) = -9.5-107% GPa~l. The volume
compressibility coefficient dk,/d(7-y) =
-2-1073 GPal [9].

Shown in Fig. 2 are the linear internal
pressures directed along the axes a, b and c,
i,e. P,, P,, P, and the volume internal
pressure P, depending on the oxygen index.
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Fig. 2. Changes of the internal pressure P; at
variation of the oxygen index: 1 - P, 2 - P, 3 —
(-P}), the negative sign denotes extension, 4 — P,.

Their values were obtained from the modi-
fied formula (1). The negative sign testifies
that there takes place extension. The graphs
have a singularity in the form of the change
in the slope of the straight lines at (7-y) =
6.5 which coincides with the location of the
plateau on the dependence of I, on the value
of (7-y) [4].

As is known [4], the compound
YBayCu307_y has three modifications. They
are: the superconducting orthorhombic-I
phase with T, =90 K and (7-y) = 7.0 + (6.8
+ 6.75); the orthorhombic-II phase with
T.=60+40 K, and (7-y) changing from
6.65 to 6.4; the tetragonal non-supercon-
ducting modification with 6.0 < (7-y) <
(6.25 + 6.4). The structure transformations
in YBa,CuzO;_, occur without abrupt dis-
turbance of the lattice parameters and of
the samples’ composition and properties.
Such transformations belong to phase tran-
sitions of the second or higher order. There-
fore, we assume that the singularity in Fig.
2 arises at the temperature of the transi-
tion from the ortho-I to the ortho-II charac-
terized by the change in the curvature of the
dependences of a; on (7-y) [3, 4]. This is
clearly seen for the dependences of g;(x # 0)
on x in doped samples, e.g. in YBay(Cu;_
xF€y)307_ [10].

In yttrium and rare-earth HTSC com-
pounds there is observed a universal corre-
lation of T, with the quantity of oxygen [4].
Therefore, one can find the dependence of
T, on P; (see Fig. 8) and dT,./dP; at the
values of oxygen index ranging between 6.3
and 6.9 (see Fig. 4). Earlier [11] there was
revealed the influence of the change in the
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Fig. 3. Dependences of T, on P;: 1 — P, 2 —
p,3-P,4-P,.

content of oxygen in the samples subjected
to the external pressure P, on the derivative
dT./dP. However, in the mentioned paper
the changes of the oxygen index and inter-
nal pressure caused by the applied pressure
were not taken into account.

Shown in Fig. 4 are the rates of the
change of T, with variation of P; at differ-
ent (7—y) values. As follows from this fig-
ure, at (7-y) = 6.5 + 6.6 and 6.8 the values
of dT./dP; exceed the value of dT./dP for
the samples subjected to the influence of
the external pressure P up to 13 kbar [12],
by two and three orders, respectively. In
particular, for YBay,CuzO; dT./dP =
0.5 K/GPa (theory) and 0.4 K/GPa (experi-
ment), and only for PrBa,CuzO,; dT,./dP =
3.5 K/GPa [13]. The curves presented in
Fig. 4 have two maxima separated by a nar-
row minimum at (7-y) = 6.7. One of them,
broad and low, with (dT./dP)).=
60 K/GPa is located in the region of the
existence of the ortho-II phase. The other
maximum, narrow and  high, with
(dT./dP;)pur = 166.7 K/GPa lies in the re-
gion of the ortho-I phase.

The change of T, results in the change of
the number of holes n;, per elementary cell
[14]. Fig. 5 presents the dependences of n;’
on P;, where i denotes the crystal lattice
constants a, b and c. As is seen, low P;
values correspond to the threshold pressure
P,”. For the main crystallographic axes the
threshold pressures are the following: P," =
pPr=1.55 GPa, P,' =1.256 GPa. For the
volume internal pressure P," = 0.5 GPa.
Starting from this point, under the influ-
ence of the internal pressure created by
oxygen, the holes are formed at the rate
dny/dP;. The threshold effect revealed in
experiments with external pressure P was
earlier reported in [12].
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Fig. 4. Change of dT,/dP; derivative at variation
of the oxygen index of (7—y): 1 — dT,%*/dP,,
2 -dT.Sf/dP,, 3 — dT.b/dP,, 4 — dT.V/dP,.
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Fig. 5. Dependences of the number of holes
per elementary cell n,’ on P;: I — n,’ on P,
2 — nhb on Py, 3 -n,*on P, 4—-n, onP,.
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Fig. 6. Dependences of the change in the
number of holes per elementary cell dnhi/dPl.
on variation of the oxygen index: 1 — dn,*/dP,,
2 - dn,°/dP,, 3 — dnh®/dP,, 4 — dn,’/dP,.

Shown in Fig. 6 are the dependences of
dnhi/dPi on the value of (7—y), i.e. the rate
of the change in the number of holes per
elementary cell. Each of these dependences
has two maxima. Just as it has been ex-
pected, their form correlates with the be-
havior of the dependences dT,./dP; on the
oxygen index (Fig. 4). In the paper [11] the
authors report the existence of only one
maximum at (7-y) = 6.8 depending on
dAny/dP, where Anj is the concentration of
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mobile holes in the CuO, planes. Such a fact
is explained as follows. In the present work
we have taken into account the influence of
all the holes on T,, so the latter changes
with nj, almost linearly [14]. In [11] the
graph of the dependence of T, on An, is
shaped as upturned parabola, since there
has been only considered the influence of
the mobile holes transported from the
chains formed by CuO in the plane CuO,.
Therefore, in the ortho-II phase supercon-
ductivity is due to the mobile holes located
in the CuO chains. It should be noted that
the holes in the CuO, planes are partially
localized. With further oxidation the
mechanism of superconductivity (in the
ortho-I phase) is defined by the mobile holes
located in the CuO, planes, whereas the
chains become a reservoir for the holes.

The obtained result allows to make some
conclusions. First of all, one can achieve
T,.=166.7 K in YBazCu307_y samples. Sec-
ondly, the changes in the value of the de-
rivative dT./dP; depend on the degree of
oxidation, the quantity of dopant ions and
their radii (see Fig. 4). In particular, if in
the sample which exists in the ortho-II
modification the value of (7-y) is raised
from 6.4 to 6.7 by means of oxidation, dop-
ing and/or application of external pressure,
dT,./dP; will at first grow and then dimin-
ish. At further rise of (7—-y) from 6.7 to 6.8
the derivative will increase again. However,
at (7-y) =6.8 the value of dT,./dP; will
start diminishing at any slightest change in
the quality of oxygen and/or P;. Note that
each direction of the main crystallographic
axes has its own limiting value of the criti-
cal temperature Tci: T =108.7T K, T,*=
125 K, T,b = 138.9 K.

There exists an analogy between the pre-
dicted here and experimentally observed be-
havior of dT,./dP reported in many papers.
Thus, we assume that, as a rule, the value
of T, for all oxide HTSC depends on the
internal oxygen pressure. One can only
change the conditions of T, measurement by
means of oxidation, doping and/or applica-
tion of external pressure.

As an example, consider the compound
HgBa20a2CU308+y which TC at P=15 GPa
rises from T (P=0)=135 K up to 150 K
[15], whereas at P =380 GPa T,= 160 K,
which is close to the value predicted here.
Note that, according to Fig. 6, the behavior
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of dT./dP;, with changing dn;,/dP; will be
similar.

3. Conclusions

Thus, assuming that not only mobile, but
all the holes in the samples YBa,Cuzn7 in-
fluence T, we predict in the performed ana-
lytical investigation that: one can obtain a
superconductor with T, = 166.7 K; dT_./dP
is not a constant value, since it increases or
diminishes depending on internal pressure
of oxygen defined by initial oxidation, dop-
ing and/or application of external pressure;
each direction of the main crystallographic
axes has its own T,.

Actually, real experiments with high
pressures are complicated due to mutual ef-
fect of the internal and external pressures.
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