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Subtle pressure-induced structural changes in Y Ba;Cu;04 93 and YBa;Cuy0y 40 have been measured by neutron powder diffrac-
tion for samples in a hydrostatic helium-gas pressure cell. Small, but significant, differences in the compression of particular Cu-
O bonds (notably Cu({2)-0(4)) are observed. However, when the charges on the two copper sites are calculated, requiring
overall charge conservation versus pressure, it is found that the net pressure-induced charge transfer of holes from Cu(l) to
Cu(2) is essentially the same for both systems. We conclude that the much smaller value of d T /d P for Y BayCu4y0; 4, results from
the fact that, in the 90 K superconductor, the T, has already reached its optimum value and the introduction of additional hole

carners cannot further increase T

1. Introduction

The oxide superconductors exhibit a remarkable
range for the pressure dependence of the supercon-
ducting transition temperature (d7./dFP) [1,2]. For
some compounds dT,./dP is the largest observed for
any superconductors, while for others it is zero or
negative. Additionally, for a single compound, 47/
dP may vary over a wide range as 7, is varied by
changing the chemical composition (e.g., by chang-
ing the oxygen content). Perhaps the most striking
example of this behavior occurs in the MBa,Cu,0,_,
(1-2-3) system (M =Y, La, Eu, Er, etc.) where both
I'. and dT./dP are functions of the oxygen compo-
sition, x. For example, for EuBa,Cu;0,_,, Chu et al.
[3] reported dT./dP=1 K/GPa for the 90 K su-
perconductor with x=0-0.1 and dT./dP=9 K/GPa
for the 60 K superconductor with x=0.4. Similar be-
havior occurs for YBa,Cu,0,_, although the re-
ported values for dT7T./dP for oxygen-deficient
(T.~ 60 K) samples vary from 4 to 7 K/GPa [2,4].
The differences may result from the way T, was mea-
sured, since the superconducting transitions are often

observed to broaden under pressure. In all cases for
the 1-2-3 superconductor, however, d7T./dP in-
creases markedly as T, is decreased by removing
OXygen.

Superconductivity in the 1-2-3 compounds is
thought to depend on a charge transfer phenomenon.
Hole carriers are created in the CuO, planes by the
transfer of electrons from the planes to the CuO, _,
chains [5.6]. T, is a function of the effective valence
of the copper atoms (Cu(2)) in the planes [6]. The
amount of charge transfer is controlled by the oxi-
dation state of the copper atoms (Cu(l)) in the
chains, which varies with the oxygen content, 7—.x,
and the crystal structure. When oxygen content is
varied, the dominant effect is to change the oxida-
tion state of Cu( 1). The charge transfer to the planes
is a minor effect, but a surprisingly small change in
the amount of transferred charge gives rise to the
variation of T, from 0 to 90 K. This balance between
the oxidation/reduction of Cu(1) and the transfer
of charge between Cu( 1) and Cu(2) clearly depends
in a critical way on the crystal structure.

Thus, one explanation for the large d7./dP ob-

0921-4534/90/%03.50 ©® 1990 - Elsevier Science Publishers B.V. {North-Holland)



94 J.D. Jorgensen et al. / Pressure-induced charge transfer and dT./dP in YBaCus0;_,

served for some oxide superconductors is that pres-
sure modifies the structure in a way that increases
the number of hole carriers in the CuO; plane through
charge transfer. Such a concept appears to explain
the behavior of YBa,Cu,0Ogz where an unusually large
pressure-induced change in a particular Cu-O bond
length has been interpreted as evidence for pressure-
inducéd charge transfer consistent with the large
dT_./dP for that compound [7].

In this paper we report structural studies as a func-
tion of pressure for two different oxygen composi-
tions of YBa,Cu;0,_.. x=0.7 with T.=90 K and
x=0.40 with T.=60 K. Since these compositions are
known to exhibit widely different behavior for d7./
dP, a comparison of the pressure-induced structural
changes offers a unique test of the concept of pres-
sure-induced charge transfer as an explanation for
the pressure dependence of T..

2. High-pressure neutron powder diffraction

Powder samples of YBa,Cu;044; with 7.,=91 K
and YBa,Cu30 ¢ with T,=58 K were synthesized
and characterized as described in previous publica-
tions [5,8]. Time-of-flight neutron powder diffrac-
tion data were collected on the Special Environment
Powder Diffractometer [9] at Argonne’s Intense
Pulsed Neutron Source (IPNS) with the samples in
a helium-gas pressure cell. The helium-gas pressure
cell offers the advantages of perfectly hydrostatic
conditions, precise pressure measurement, and (ow-
ing 1o the fixed-angle, time-of-flight technique) dif-
fraction data that are completely free from Bragg
scattering from the cell. The maximum pressure is
limited to about 0.65 GPa.

Although this pressure cell has been used for pre-
vious measurements at IPNS [10-12], its unique
design features have never been described in detail.
The time-of-flight neutron diffraction technique of-
fers significant advantages for studies in high-pres-
sure cells because of the ability to collect the entire
data set at a fixed scattering angle [13]. Since, in
high-pressure studies of powder samples, the sample
must be supported by the wall of the vessel (unlike
the situation for furnaces and low-temperature en-
vironments ), avoiding scattering from the pressure
cell while maximizing the effective volume of sam-

ple illuminated by the incident neutron beam and
seen by the detectors is difficult. In the time-of-flight
design used here, a scattering angle of 20=90° is
chosen 1o allow the best possible collimation.

An exploded view of the pressure cell is shown in
fig. 1. The cell is similar to others that have been used
for neutron diffraction [14,15] except for the in-
corporation of internal gadolinium-epoxy shielding.
The cell is constructed from three concentric cylin-
ders of 7075-Té6 alloy aluminum. The gadolinium-
epoxy shielding is cast into depressions approxi-
mately 0.25 mm deep milled into the surfaces of the
inner two cylinders. After the epoxy hardens, these
cylinders are machined to the final size and the cell
is assembled. The inner bore (1.27 ¢cm in diameter)
is then autofrettaged to the final size by pressurizing
the cell with oil to 0.7 GPa. The seal is a mechani-
cally preloaded Bridgman unsupported-area seal with
gaskets of lead, indium, teflon, and neoprene.

The gadolinium-epoxy shielding serves two func-
tions. The first is to collimate the incident and scat-
tered neutron beams at a point as close as possible
to the sample. In the present design, the shielding de-
fines incident and scattered beams 0.64 cm wide. The
second purpose is to minimize backgrounds that re-
sult from multiple scattering of neutrons in the alu-
minum. Multiply scattered neutrons possess no cor-
relation between wavelength and direction, and thus
contribute 1o a featureless background in a time-of-
flight experiment. These neutrons will be seen by the
detectors if the first scattering process occurs in a re-
gion of the aluminum cell illuminated by the inci-
dent (straight-through) beam and the final scatter-
ing process occurs in a region of the aluminum seen
by the detectors. The internal gadolinium-epoxy
shielding eliminates may such paths and results in a
significant reduction in the background. Additional
cadmium shielding on the outer surface of the cell
(not shown in fig. 1) is used to mask all of the cell
surface except the window regions and serves the
same two functions.

The sample is installed in the pressure cell by first
containing it in a 1.14 cm OD thin-walled vanadium
can. The helium gas flows through small filters con-
structed by packing steel wool into holes in the alu-
minum end caps of the can. This method of enclos-
ing the sample ensures that particles of the sample
powder do not plug the helium capillary line. The
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Fig. 1. Exploded view of the helium-gas pressure cell used for
time-of-flight neutron powder diffraction. The cell is constructed
from three concentric cylinders of 7075-T6 alloy aluminum.
Windows for the incident, transmitted (26=0), and scattered
{260=90° ) neutron beams are formed by collimating with inter-
nal gadolinium-epoxy shielding.

pressure cell accommodates a sample can 1.14 cm in
diameter and 6.4 cm long. The active sample volume
illuminated by neutrons is 4.8 cm long.

3. Results and discussion

For each sample, data were collected at seven pres-
sures up to a maximum pressure of about (.58 GPa.
Data were collected for about 3 hours at each pres-
sure. The data were analyzed by the Rietveld tech-
nique [16] to give lattice parameters, atom posi-
tions, and isotropic temperature factors at each
pressure. The Rietveld refinements included ap-

proximately 350 Bragg reflections over the range of
d spacings from 0.71 A 10 3.90 A. Figure 2 shows the
Rietveld refinement profile for YBa,Cu ;O 43 at 0.58
GPa. All of the refinements were of similar quality.
The refined parameters for both compositions are
listed in table L.

The unit cell compressions for the two samples are
amazingly similar. Lattice parameters and cell vol-
umes versus pressure are compared in fig. 3. The be-
havior is virtually identical along the a- and c-axes.
Along the b-axis, YBa,Cu;Oq 4o exhibits a slightly
larger compression than YBa,Cu;0y ¢3. This may re-
sult directly from the partial occupancy of the
CuO, _, chains along the b-axis in the YBa,Cu;0 ¢,
sample, making the structure somewhat more com-
pressible along the chain direction.

The average compressibilities along the three crys-
tallographic axes and the volume compressibilities
and bulk moduli, based on least-squares fits of
straight lines to the data, are given in table 1I. The
compression is approximately a factor of two larger
along the c-axis than in the basal plane. This ani-
sotropic compressibility is to be expected for an an-
isotropic structure such as that of YBa,Cu,0,_ . The
largest compression is along the c-axis due 1o the
comparatively weak bonding along that direction.

The compression of YBa,Cu,0,_, has also been
measured in several X-ray diffraction studies [1,17-
22]. Reported values for the bulk modulus, B, range
between 100 and 196 GPa for the 90 K supercon-
ducting composition. Only a few authors attempted
to report linear compressibilities along the a-, b- and
c-axes. Moreover, as pointed out by Fietzet al. [21],
the nearly pseudocubic cell constants sometimes led
to confusion in indexing the high-pressure X-ray dif-
fraction patterns and the anisotropy in compression
was interpreted incorrectly in some of the earlier
work. Our value for the bulk modulus of the 90 K

compound falls in the lower range of the (widely
spread) previously reported values and agrees very

well with the recent analysis of Ledbetter and Lei
[23] who discuss the large discrepancies based on
the X-ray data and calculate the bulk modulus from
other measured and calculated physical properties.

We would propose two possible explanations for
the large variation among the various high-pressure
diffraction measurements. To begin with, the com-
pressibilities are pressure dependent, generally de-
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Fig. 2. Rietveld refinement profile for YBayCuyOy gy at 0.58 GPa. Plus signs ( + ) are the raw time-of-flight neutron powder diffraction
data. The solid line is the calculated profile. Tick marks below the profile mark the positions of allowed Bragg reflections. The background
was fit as part of the refinement but has been substracted prior to plotting. A difference curve (observed minus calculated) is plotted at

the bottom.

creasing with increasing pressure. Thus, our work,
which is based on a high-precision measurement at
comparatively low pressures, will tend to give a higher
compressibility. This effect alone, however, proba-
bly does not account for the differences. Additional
errors probably arise from nonhydrostatic condi-
tions for some of the previous measurements. If the
pressure is nonhydrostatic, both the volume com-
pressibility and (especially) the anisotropy of
compression will be incorrectly measured.

It is well known that compression can give rise to
changes in electronic structure. Such changes can be
substantially larger when the compression i1s aniso-
tropic. This can be understood in either of two
equivalent ways. In a band picture, anisotropic
compression moves bands with respect to one an-
other, with the Fermi energy also moving to con-
serve charge. It is well known that pressure induced
electronic transition occurs in this way in com-
pounds with anisotropic compressibilities [24]. In
a charge-transfer picture, anisotropic compression

can change the coordination spheres of the two in-
equivalent copper atoms in different ways. Since to-
tal charge is conserved, charge redistribution may
0CCur.

If anisotropic compression results in changes in the
electronic structure of YBa,Cu;0,_,, changes in the
effective valences of the atoms should be present. It
has already been shown that particular Cu-O bond
lengths, especially the bonds to the apical oxygen
atom O(4), are sensitive probes of the charge dis-
tribution in this system [5,6,18]. The Cu(1)-0(4)
and Cu(2)-0(4) bond lengths versus pressure are
plotted in fig. 4. The behavior of Cu(1)-0(4) is
nearly identical for the two oxygen compositions, but
the pressure-induced change in Cu(2)-0(4) is sig-
nificantly larger for YBa,Cu;0Og ¢. This difference is
more easily seen by plotting the fractional change in
Cu(2)-0(4) [A(Cu(2)-0(4))/(Cu(2)-
0O(4) )p=0) as shown in fig. 5. The pressure-induced
change for YBa,CuyOg ¢ is a factor of two larger than
that for YBa,Cu;O ;. Additionally, the change of
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Table |

Structural parameters versus pressure for YBa;Cu;04.¢; and YBa;Cuy0; 4. The oxygen occupancies are fixed at their stoichiometric
values for O(2), 0(3) and O(4), and at the average refined values (for all pressures) for Q(1) and O(5).

¥Ba;CusO4p5: n(0(1))=0.89; n(0(2)) =n(0(3)) =n(0(4))=2; n(0(5)) =0.00

P (GPa)

0.000 0.102 0.207 0.310 0.416 0.496 0.578
a(A) 3.8182(1) 3.8172(1) 3.8162(1) 3.8154(1) 3.8145(1) 3.8138(1) 3.8133(1)
b(A) 3.8841(1) 3.8833(1) 3.8827(1) 3.8820(1) 3.8813(1) 3.8808(1) 3.8804(1)
c(A) 11.6831(3) 11.6780(3) 11.6732(3) 11.6674(3) 11.6626(3) 11.6585(3) 11.6542(3)
V(A?) 173.259 173.103 172.959 172.806 172.663 172.549 172.445
= Ba 0.1822(3) 0.1824(4) 0.1827(4) 0.1826(4) 0.1829(4) 0.1829(4) 0.1828(4)
zCu(2) 0.3544(2) 0.3544(2) 0.3545(2) 0.3544(2) 0.3544(4) 0.3545(2) 0.3548(2)
z0(2) 0.3745(4) 0.3746(4) 0.3745(3) 0.3747(4) 0.3746(3) 0.3748(3) 0.3749(3)
z0(3) 0.3762(3) 0.3764(4) 0.3764(4) 0.3765(4) 0.3767(4) 0.3766(4) 0.3765(4)
z0(4) 0.1609(3) 0.1610(3) 0.1607(3) 0.1610(3) 0.1610(3) 0.1611(3) 0.1613(3)
Ruy (%) 10.76 11.13 10.4] 10.65 10.03 10.04 9.88
Rexp (%) 3.00 5.12 4.43 4.93 4.53 4.62 4.34
YBa;Cuy04 45 n(O(1))=0.63; n{0(2))=n(0(3))=n(0(4))=2; n(0(5))=0.01

P (GPa)

0.000 0.103 0.208 0.310 0415 0.489 0.563
a(A) 3.8300(1) 3.8290(1) 3.8280(1) 3.8271(1) 3.8261(1) 3.8255(1) 3.8248(1)
b(A) 3.8850(1) 3.8840(1) 3.8833(1) 3.8822(1) 3.8816(1) 3.8808(1) 3.8803(1)
c(A) 11.7087(3) 11.7025(3) 11.6973(3) 11.6912(3) 11.6867(3) 11.6831(3) 11.6797(3)
v (AY) 174.217 174.034 173.880 173.700 173.560 173.443 173.339
= Ba 0.1878(3) 0.1874(3) 0.1875(2) 0.1873(3) 0.1874(2) 0.1873(2) 0.1872(3)
z Cu2 0.2569(2) 0.3570(2) 0.3568(2) 0.3569(2) 0.3569(2) 0.3567(2) 0.3567(2)
z02 0.3766(3) 0.3766(3) 0.3763(3) 0.3762(3) 0.3764(3) 0.3762(3) 0.3764(3)
=03 0.3787(3) 0.3785(3) 0.3788(3) 0.3790(3) 0.3786(3) 0.3787(3) 0.3784(3)
z 04 0.1578(2) 0.1578(2) 0.1578(2) 0.1579(2) 0.1579(2) 0.1581(2) 0.1581(2)
R., (%) 8.98 8.11 7.94 8.02 1.92 8.06 7.88
Rexp (%) 4.82 4.18 4.34 4.53 4.38 4.64 4.40

the Cu(2)-0(4) bond length for YBa,Cu;0; 4 15 a
factor of two larger than the average compression
along the c-axis, while that for YBa,Cu;O o4 1s com-
parable to its c-axis compression. Thus, the compres-
sion of this bond is markedly enhanced for the
YBa,Cu;0¢ ¢ composition, while it simply follows
the unit cell compression along the same direction
for YBa,Cu;Oq o5. Similar behavior has recently been
observed in La, 4sSry,sCuQ,, where high-pressure
neutron powder diffraction measurements show that
the apical Cu-O bond length compresses at a rate es-
sentially twice that of the c-axis compression [25].

The process can be understood in simple physical
terms. The application of pressure along the c-axis
will bring Cu(1) and Cu(2) closer together. In ad-

dition to the normal bond compressibility, the stress
can be relieved by charge transfer. Ignoring the over-
all compression resulting from the application of
pressure, charge conservation dictates that as one of
the Cu-0O(4) bonds i1s compressed the other must
elongate, a net reduction in the Cu(1)-Cu(2) dis-
tance is achieved by compressing the softer bond
(Cu(2)-0O(4) and elongating the stiffer bond
(Cu(1)-O(4)), resulting in a transfer of charge from
Cu(1) to Cu(2). The observed changes in bond
lengths are in agreement with these concepts (after
normalizing for the effects of overall compression
along the c-axis), even though the size of the changes
is comparable to the experimental uncertainty.
Taken at face value, the difference in pressure-in-
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Fig. 3. Lattice parameters a, b, and ¢, and unit cell volume ¥ versus pressure for YBayCusOy 53 and YBa;Cu3Oy 0. Error bars are smaller

than the symbols.

Table 11

Linear and volume compressibilities and bulk modulus, B, for YBa,;Cu;0g 3 and YBa,Cu,0, ¢ based on a least-squares fit of a straight

line to the parameters refined from neutron powder diffraction data.

'I'Bazcu;()ﬁ.“ YBa:CU]Oi_w
(da/dP)/a, (GPa~') -2.22x10"? —2.40x10"3
(db/dP) /by (GPa™"') —1.65x10°? -2.14x10"?
(dc/dP)/cy (GPa~"') —4.26%10°? —4.39x107?
(dV/dP)/V, (GPa~") -8.12x10-? -8.92x10"*
B (GPa) 123 112

duced bond compression of the Cu(2)-0(4) bond
for the two compositions might be interpreted as evi-
dence for a larger charge transfer in the YBa;Cu;0 6o
compound. However, a proper calculation of the
charges on Cu(l) and Cu(2), based on bond va-
lences [26], where the sum of charges on Cu(1) and
Cu(2) is conserved as a function of pressure, shows

that the pressure-induced charge transfer is nearly
identical in the two compounds.

The bond valence sum formalism has been dem-
onstrated to provide useful information about the
distribution of charges in YBa,Cu;0,_, [26]. For
example, in the case of oxygen-deficient
YBa,Cu,0,_,, a striking correlation between the ef-
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fective charge on Cu(2) and 7, has been observed
[6]. However, the application of these techniques to
high-pressure data is not straightforward and has not
previously been attempted. For interpreting high-
pressure data, it must be realized that the coeffi-
cients, ro, and B, normally taken as constants in the
bond valence sum equation

S,;= Zeim—"u!fﬁ" (])
J

are actually pressure dependent. The pressure de-
pendence is not known, a priori. However, we have
taken the approach that the correct behavior can be
learned by requiring overall charge conservation in
the structure. For the present calculations, we have
assumed that the valences of Cu(1) and Cu(2) are
the only ones that are variable. Since the same value
of B has been shown to work for essentially all atoms
[27], we have assumed that the pressure depen-
dence of B can be neglected. (Moreover, since the
overall effect is small, the correct behavior can be
adequately approximately by assigning all of the
pressure dependence to one variable.)

The pressure dependence of r, for each of the sam-
ple compositions can be obtained by requiring that
the weighted sum of charges on Cu(1) and Cu(2)
[i.e., S(Cu(1))+2S(Cu(2))] be a constant. This
calculation yields the changes in r, versus pressure
shown in fig. 6. The pressure dependence is some-
what different for the two compositions, but, since
we are interested in evaluating small changes in the

0001 ——T——T——T——T— 1
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Fig. 6. Changes in the coefTicient ry in the bond valence sum [eq.
(1) ] versus pressure obtained by requiring conservation of charge
between Cu( 1) and Cu(2).
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Fig. 7. Change in the charge on Cu(2) versus pressure obtained
from the values of ry defined by the linear least-squares fits of fig.
6 and the refined structural paramaters in table L.

bond valence sums, not absolute values, these dif-
ferences are probably not serious. The solid lines in
fig. 6 are linear least-squares fits to the data and are
used in subsequent calculations as the best values for
ro(P).

Having established the pressure dependence of ry
required to give charge conservation, we use these
values to calculate the bond valence sums for Cu(1)
and Cu(2) versus pressure. For both compositions,
additional holes are transferred to the Cu(2)-0O
planes with increasing pressure. However, the rate of
charge transfer is essentially identical; dQ/
dP=0.0065 holes/GPa for YBa,CuOg 3 and 0.0080
holes/GPa for YBa,Cu;Og 4. This is most clearly
shown in fig. 7, where the changes in Cu(2) valence
versus pressure are plotted.

We have tried several alternative methods for cal-
culating the pressure-induced charge transfer. For
example, the explicit pressure dependence of r, can
be ignored in the initial calculation of bond valence
sums. Charge conservation is then invoked by re-
quiring that the weighted sum of charges on Cu(1)
and Cu(2) be constant. The amount of charge trans-
fer is, thus, the appropriate average of the changes
for Cu(1) and Cu(2). Such a calculation yields a re-
sult essentially identical to that given above. Our
conclusion, after exploring several such methods of
calculation are that they are (to first order) equiv-
alent. Using any model that assumes that Cu(1) and
Cu(2) are the only atoms that can exhibit changes
in valence, and requiring charge conservation as a

function of pressure, leads to the same conclusion,
namely that the pressure-induced charge transfer in
the two compositions is essentially the same.

The expected rate of change of 7, with hole con-
centration, d7./dQ, can be estimated from previous
measurements on YBa,Cu,O,_, versus x [6] and
chemically-substituted YBa;CuyO;_, [27]. In the
first case, the valence of Cu(2) was calculated di-
rectly from the Cu(2) bond valence sum [6]. Since
the total charge in the system varies with the chang-
ing oxygen content, the total charge was not nor-
malized as has been done in the present case. Such
an approach may be subject to some error because
it ignores the effects of competing internal strains
[26]. Averaged over the range of oxygen concentra-
tions that give 0< 7,.<0 K, such a calculation yields
d7./dQ~ 1100 K/e. In the second case [28], the av-

erage copper valence for the compound was deter-
mined by chemical titration. This valence was then

partitioned between Cu(1) and Cu(2) based on self-
consistency arguments. Using this approach, an ap-
proximate value of d7,/dQ =~ 500 K /e was obtained.
The latter experiment [28] illustrated another
feature of the relationship between charge transfer
and T, namely that T is not a linear function of the
number of holes in the CuQO, planes. Rather, T, in-
creases sharply with the number of holes for hole
concentrations less than 0.2, but appears to ap-
proach a limiting maximum value for higher hole
concentrations. Similar behavior was even more
clearly observed in later studies of La,_,Sr,CuQO,
versus x [29]. Here, there appears to be an optimum
hole concentration near 0.2 where 7, reaches its
maximum value. Beyond that concentration, T, ac-
tually drops with increasing hole concentration.
The pressure-induced changes in 7, and charge
transfer in YBa,Cu,O0,_, can be readily understood
in terms of these principles. In the case of
YBa,Cu40; 40, the observed charge transfer, 0.0080
holes/GPa, corresponds to a predicted change in T
of 4-9 K/GPa, in good agreement with the mea-
sured values of 4-7 K/GPa [2,4]. For YBa,;Cu;O4 o3
which has a higher initial hole concentration, we
would conclude that, even though nearly the same
amount of charge transfer occurs, the increase in 7¢
is much smaller because the optimum hole concen-
tration has already been reached. Such a conclusion
1s supported by the observation that applied pressure
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does not indefinitely increase the T, of oxygen-de-
ficient 60 K EuBa,Cu;0,_, [3]. Rather, above 10
GPa the T, appears to plateau in the region of 90 K.

4, Conclusions

We conclude that the anisotropic structure of
YBa,Cu,0,_, gives rise 10 anisotropic compression
and, consequently, pressure-induced charge transfer
between the Cu(1) and Cu(2) planes. Based on our
present attempts to apply bond valence sum meth-
ods to the high-pressure data, we conclude, however,
that the amount of charge transfer is essentially the
same for the compositions YBa,Cu;O44; and
YBa,Cu;0q 0. Thus, the large difference in d7,./dP
reported for these compositions cannot be explained
in terms of a large difference in the amount of pres-
sure-induced charge transfer. Rather, we conclude
that the oxvgen-deficient YBa,Cu;0, ¢, compound,
whose initial 7, is 60 K, exhibits the expected be-
havior, while the fully oxygenated YBa,Cu;Oq ;3
compound, whose initial 77 is 90 K, shows no pres-
sure-induced variation of 7, because the T, has al-
ready “‘saturated™ at its optimum value; i.e., an in-
crease in the number of holes in the CuO, plane does
occur, but does not lead to an increase in 7. An ex-
tension of these ideas may explain the unusually large
variation in d7./dP for other oxide superconductors.
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