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The pressure dependence of the superconducting transition températiwrdRBa,Cu;0;_ s (R=Y and
rare earthgseries has been investigated systematically on the basis oft th&-J model withd-wave pairing
by taking into account the variations of the hole concentration in the,Qledes and the effective interaction
with pressure. It is shown that the pressure-induced change of hole concentration increases with the trivalent
rare-earth ion radius. The calculatéd and its pressure derivativeT,/dP are found to be the increasing
functions of the radius of th&3* ions for the fully oxygenate®Ba,Cu;0;. Good agreement with experi-
ments suggests that the rare-earth ion size effecd®/dP in RBa,Cu;O; mainly originates from the
pressure-induced charge transfer from the charge reservoir CuO chain to the conductingl&hes. The
change ofdT./dP with hole concentration and the pressure dependenck. dfi the recently discovered
superconducting PrB&u;0, are well reproduced in this simple model. We have arrived at the conclusion that
the unusually largd ;. enhancement in PrB&u;O, under pressure results from its underdoped nature. Further
experiments are proposed to enhafigeat ambient pressure in Prgau;0, .

. INTRODUCTION RBa,Cu;0,_ 5 series seems to yield important insight into
superconductivity, at present there is no microscopic theory
Substitution with rare-earth elements on the Y site of thethat can explain it.
high-temperature superconductdtdTSC9 YBa,Cu;0;- 5 Among the various theories proposed so far for the
is an important method for understanding the mechanism of,echanism of highF, superconductivity, thet-(t’-t")-J
the occurrence of superconductivity. Recent measurefents yodel is the simplest that describes strongly correlated elec-
show that the superconducting transition temperalWé-  4ns and has been proposed as the low energy model Hamil-
creases systematically with the ionic radius of trivalent rarésonian that applies to the doped Cu@lane It is sug-
earth ions in the fully oxygenateBBa,CusO, (R:.Y and gested that Hall coefficient, specific heat? quasiparticle
rare earthscompounds. PrB&Lu;0, has been believed as (0 12 high transition temperaturé,'* CuO, layers
the exceptional material being nonsuperconducting amongffectlz'_u and variation in maximumT, amon .
; c g various

the isostructuraRBa,Cu;O; —  compounds for a long tim. cuprate®® might be understood by assuming a presence of

However, very recently, Zouetal® reported that . . ! - .
PrBa,Cu;0, grown by the traveling-solvent floating zone the antiferromagnetic van Hove singularitigsvHS) in the

(TSF2 method is superconductive witfi,=85 K. The quasiparticle density of states. The angle-resolved photo-
c .

long-standing search for the chemical pressure and the origfiMiSSion SpectroscopyARPES measurement on layered
of the intrinsic pressure effect dF is an important issue in CUPrates provides a direct test for thé’-t"-J model as a
the high pressure studiés’ The RBa,Cu;0,_ 5 series pro- model Hamiltonian for the HTSCs. Recent studies show that
vides a model system with this attempt. For a single comihe t-t'-t"-J model can be used to not only reproduce the
pound such as YB&u;O,_ 5, the pressure derivative at., ARPES data for the quasiparticle dispersion ofCRO,Cl,
dT./dP, may vary by changing oxygen conténEurther- (Refs. 16—18but also explain the evolution of the quasipar-
more, across the rare-earth seriesRBa,Cu;O; samples ticle  dispersion  with  doping  for  hole-doped
both T, and dT./dP increase modestly with the trivalent Bi>SpCa_xDy,Cu,0g.5s as well as electron-doped
rare-earth ion radius. The pressure effect orl, in  NdigCe14CUO,, especially the origin of the AVHS near
PrBaCus0, has drawn particular interest because of the unFermi surface??°

usual high pressure derivative ©f, dT./dP, of 3.5 K/GPa In this paper we explain the pressure effect Bnin
incompatible with other fully oxygenated series RBaCu;O;_4 series in terms of thé-t’'-t”-J model with
RBa,Cu;0;.1 Moreover T, has been observed to exceed 105d-wave pairing. The outline of this paper is as follows: In
K at a pressure of 9.3 GPa and still have a potentiaSec. Il we present a theoretical approach for pressure effect
increasé’ While the pressure effect 6f in superconducting on T.. Section Il is devoted to the theoretical resultsTgf
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anddT./dP as a function of rare-earth ionic size. We also quasiparticles share the same link.g~0.585)). The effec-
discuss the origin of unusually largé; enhancement in tive Hamiltonian considered here for HTSCs is
PrBaCu;O, under pressure. A brief summary is given in
Sec. IV.
Heff:; ("-chl(:k_V(_:.ff<i2j> ninj y (5)
Il. THEORETICAL APPROACH

wherecl‘: is the hole quasiparticle creation operator at mo-

+

The Hamiltonian considered heré'#$ mentumk, andn;=c; ¢; is the number operator of quasipar-

ticles at sitel.
Hsz S-§—|t 2 +t’ 2 +t” EiT;cj(,, Straightforward application of Bardeen-Cooper-Schrieffer
(1) iy Ai,0 - (il)so pairing theory assuming al-wave order parameten,
@) =Ap(cosk,—cosk,) leads in the familiar way to a self-

in the standard notation of the constrained Fermi operators;onsistent equation determinifig,
brackets denoting the firsti( },), second (ij ),), and third

((ij)3) neighbor sites, respectively. 2 1 (COSkx—COSky)2+an Ex— M ®
Using the slave fermion-spin wave formalism, one obtains Ver N % E— M ; 2T, |’
a model describing holongspinless fermions strongly
coupled to spin-wave excitatiotis where Ay is the parameter to be obtained self-consistently
andN is the number of sites. The chemical potenjiakat-
isfies
H=% wqbgbq+2k ekhﬁhk+k2q (hihy_ gbgMq+H.C),
@ L1 kK
=57 on 4 BN o7 ) @)

whereh andb are spinless fermion and magnon operators,

respectively.wg=2Jy1— vy is the linear spin-wave spec- \yheren,, is the quasiparticle hole density. DNKRef. 12
trum. The bare hole dispersion has the form obtained the hole dispersion from accurate numerical and
_ , " analytical studies as &,=0.16625 cog, cos
€= 4C 1Ly FACo N+ 4Cst 7, ) +0.046(cos R+cos k) eV. Recent exact diagonalizg%lion
whereC,,C,, andC; are the first-order matrix element of results show that this rigidity of quasiparticle dispersion is
the kinetic energy forij),,(ij),, and(ij)s, respectively. appropriate overga wide range of doping from underdoped to
= 3(cosk+cosk,), N =cosk,cosk,, and 7=3(cosX,  optimally doped: _ _
+cos x,). The holon-spin-wave coupling function is There has been a great deal of interest in recent years to
extract the intrinsic pressure dependencd oin cuprates. It
has been postulated that the application of pressure leads to a

Mkq:\/_—[uq(t')’qu‘l't,)\qu'}'t”nqu) change of hole carrier concentration,, which has been
3
N supported by measurements of Hall effécthermopower:
Vgt N 0], (4 ~ and neutron powder diffractiéh under high pressure. It is

expected that the pressure-induced change,aé an impor-

where uq,vq are Bogolubov transformation parameters oftant factor responsible for the pressure dependencg, of
the linear spin waves. Meanwhile, Raman scattering experiments and model

In building up a model for the cuprates to describe theanalysi§>~2" suggest that the in-plane superexchange inter-
superconducting phase, the interaction among the hole quaction J is a pressure-sensitive parameter which is directly
siparticles is necessary. It will be constructed based again omlated to the effective pairing interacti®dy,. Therefore, it
results for the two-dimensionat]J model where it is well s reasonable to assume that pressure-induced changsg; of
known that an effective attractive force exists in an antifer-is the second variable that would best describe the pressure
romagnet leading to the bound state of two holes in thejependence of.. In order to generalize Eq$6) and(7) to
d-wave channel. Here we investigate this explicitly, follow- include the effect of pressure, we assume that the pressure
ing Dagotto, Nazarenko, and MorédNM),* for the case of  dependence of th&, is related to the pressure dependences

a static attractive nearest-neighbor interactidih,,= of ny andVeg. That is,

—VeiiZjyninj . Such an interaction is actually provided in

the t-J model by the exchange term because of the extra dny

magnetic bond in the system when two polarons are on ni(P)=nu+ 45 P ®

neighboring sites or, equivalently, by the dominant term of

the static approximation to th@ctually somewhat longer- and

range interaction generated by spin fluctuatichghe bind-

ing energy of two holes isAg=ey,—2€1,=J((§"S))

—0.25), wheree,;, is the energy oh holes with respect to Veif(P) = Vet
the antiferromagnetic ground state energy, arahd | are

nearest neighbors. It is knowrthat (S - S;)~—0.3346, and  This approximation is reasonable for low valuesPofout is
thusAg~ —0.585). To mimic this effect, an effective attrac- likely to breakdown for largeP since one expect¥ x(P)
tive term is introduced that reduces the energy when twandn,(P) to saturate at large pressures.

dInVeg
1+ 9P P). 9
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Therefore, the pressure dependencd pftan be simply
written as
Te(P)=Tc[Nu(P),Ver(P)]. (10)

The initial pressure derivative df, is then calculated from
Egs.(6) and(7) as

dny
dpP

Fi
2TV

dInVgg
dpP ’

dP |1

dT, [Fa4
[ I 2T (1

with

1
| = —[FF3+2TF,F ,— F,Fsg],
4T§[13 ch 24 25]

1 Sk M
Fl—mik‘, secﬁ( oT. )

1 —
Fo=on = (okm) sec ﬁ(SZTM>,

c

Sk_M)

1
T e— P 2
Fa=ox Zk (cosk,— cosk,)? sec H( 2T,

1 (cosk,—cosk,)? E— M1
Fimon 2 5t ,
2N %K (ex— ) 2T

1 (cosky— cosky)? E— M
Fs—mEk p— ech 2T,
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where x,= —dIna/dP is the lattice compressibility along
the a axis. The pressure-induced changengf can be ob-
tained from the bond valence suf@Vs) analysig®?°

0.37 ” (13

Where 7=2.7(nP'—n")/(VE-VEDM, nPvE) denotes
the optimumny, (Cu valencg corresponding to th&f**and
ng (VS is the minimumny (Cu valence resulting in su-
perconductivityy; is the distance of Cu-@ bond,r is the
constant that depends upon the atoms constituting the
bond° and x;=—dInr,/dP is the Cu-Q@i) bond compress-
ibility. The compressibility of HTSCs can be estimated by
using the anisotropic bond model proposed by Cornelius,
Klotz, and Schilling(CKS).3132

It is worth noting that the presettt’-t”"-J model is based
on the assumption af-wave pairing which is generally sup-
ported in experiment&:*33*Recent investigations on theJ
model exhibits discrepant results. Exact numerical stddlies
for small clusters within thé-J model show al-wave super-
conducting instability. Shiket al3® found that this model
does not have long-rangd&wave superconducting correla-
tion in the interesting parameter range. While Yokoyama and
Ogata argued that near the half filling where the highs
superconductivity is expected, tligz_,.-wave pairing state
is always the most stable among various symmetries. Inter-
estingly, Newnset al 2 found that the van Hove singularity
scenario with swave pairing renders similar results to
d-wave symmetry. Considering that the two intrinsic factors
responsible for the value df. under pressure are the same
with different symmetries, the-t’'-t"-J model with the
dy2_,2-wave pairing would not make much difference com-
pared with the case of thewave for the pressure effect on

dny drg
F:77 ﬁvcu‘f‘zi rini eX[{

From Eqs(10) and(11), one notices that in order to study T., at least qualitatively.

the pressure dependence Bf(P) anddT./dP, one must
have a knowledge of the values i, /dP andd InVx/dP.

IIl. RESULTS AND DISCUSSION

Hall effect and thermoelectric power experiments under

pressure can provide results fainy/dP. Meanwhile,

dInVe;/dP can be estimated from the Raman scattering

measurements of the in-plane superexchahgeder pres-

A. Anisotropic compressibility and pressure-induced charge
transfer

The crystal structure of theBa,CuzO; _ 5 system is made

sure. In general] is a function of the in-plane lattice param- up of three distinct layers. The first consists of the TO;

etera.?® It is reasonable to assume the pressure-induced rel

tive change oV, dInVey/dP, as

dInVeﬁ
dpP

12

=3kK,,

@nd BaQ, polyhedra. The second is a perovskite layer con-
taining the C@2)Os5 and BaQ, polyhedra. The third con-
tains the single R@polyhedron. The compressibility of the
individual layersk, can be obtained by using the compress-
ibilities of the component polyhedron. The linear compress-

TABLE I. Results of the model calculation for the anisotropic and volume compressibilities and the bulk
modulus for rare earth serid@8a,Cu,0-. lonic radii (coordination number eighfor R®* ions are taken

from Ref. 42.

R3* Yb Tm Er Ho Y Dy Gd Eu Sm Nd

r (Angstrom) 0.985 0.994 1.004 1.015 1.019 1.027 1.053 1.066 1.079 1.109
ka(X1072 GPa'l) 236 237 238 239 239 241 238 241 244 244
kp(X1072 GPal) 242 242 243 244 244 246 243 246 248 249
k(X103 GPal) 288 28 287 286 287 286 286 286 286 285
ky(X10°% GPal) 765 766 768 769 770 772 7.68 773 7.78 7.78
B(GPa) 130.6 1305 130.2 130.0 129.8 129.5 130.2 129.3 1285 128.6
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ibility along ath axis in the component polyhedron is written 0.32— - - - - - - -
as k) =0.44x 10 3xr}/V; GPa ', whereV; denotes the oo, (@)
valence of central cation in polyhedron which can be deter- 0.28| ®e

mined in terms of BVS methot. Knowing the fraction of A ® e,

the total volume {;) that each layer occupies in a unit cell, 2

the anisotropic compressibility of HTSCs is given by 1/ & 0241

=Eifi /Ka(i) , 1/Kb=2ifi /Kb(i) s and KCZEifiKC(i) . From hd
this, the volume compressibility of materiaky,= «x,+ ky, 0.20 —+

+k., and its bulk modulus, B=1/ky can be _ 1of

calculate’-***° Based on the consistent set of structural  § .l .
parameters at temperaturd =10 K for the series 2 -
RBa,Cu;0;_ 5 (R=Y,Yb-Nd;5=0.00+0.02) determined £ 6 ="

by neutron diffractiorf’ one can evaluate the anisotropic 2 "

compressibilities of the compound on the basis of the aniso- & 4 (L (b)
tropic bond model of CKS. The calculated results as well as -

trivalent rare-earth ion radiicoordination number )8 are 27098 100 102 104 1.06 1.08 1.10 1.2
summarized in Table I. As can be seen, the compressibility
along thec axis is always higher than that either along the
axis or theb axis. Furthermore, the volume compressibility g1 1. |onic radius of trivalent rare earths dependences of hole
xy increases gradually with increasing the trivalent rare-oncentratiom, (a) and pressure-induced changes of hole concen-
earth ion radius. It is well established that the¢ decreases tration dny, /dP (b) for the fully oxygenatedRBa,Cu;O, series.
with increasing ny .2**** This implies that theny in The hole concentration data are taken from SGK in Ref. 45.
RBa,Cu;0; decreases with increasing the trivalent rare-earth
ion radius. The model calculation of charge distribution dem-Taking the partial derivative ofi; with respect to pressure
onstrates that th&Ba,Cu;O; phases withR=La, Nd, are P, one can obtain the relative change of pressure-induced
underdoped and those wik= Y, Sm-Lu are overdopetf. It carrier number
is therefore indicated that the, is a valid probe of thay, in
HTSCs. dinQ 1 dny

The pressure-induced changemnpf, dny /dP, can be cal- dP  ny dP v
culated by using the Eq13) according to the neutron dif-
fraction datd'! The Cu-@i) bond compressibility can be es-
timated by using the anisotropic bond motfeln the hole-
doped HTSCs, the superconductivity occurs fama-0.06
holes and the maximuri, is attained at a value ofifP
~0.25 hole$4~*"The VIIN=2.082 andv®'= 2.135 are ob-
tained by using the structural data for YRaRO, s
compound® in terms of the BVS analysi&:*® Following
Jorgensen etal,’* we assume dry/dP=-2.9
x 102 A/GPa(Ref. 29 which can reproduce a reasonable
dny/dP for the fully oxygenatedRBa,Cu;O;. Figure 1
shows both theé and thedny /dP versus the trivalent rare-
earth ion radius irRBa,Cu;O; family. The values ohy are In Fig. 2 we plot the transition temperature as a function
taken from the work of Samoylenkov, Gorbenko, and Kaulof the hole concentratiomy with different values ofV g
(SGK).* It was found than,, decreases smoothly with the using the dispersion relation of DNM. It is clearly seen that
increase of trivalent rare-earth ion radius. While thigy /dP ~ the magnitude ofT . depends strongly on the doping level
increases with the increase of the trivalent rare-earth ioniand reaches its maximum af;~0.246 holes, which is very
radius. close to the prediction of 0.25 holes of several grotips!®

The hole concentration can be writtenras= Q/V, where  On the other hand, the transition temperature increases with
Q is the number of carriers andthe volume of the sample. V¢ and rises rapidly at the optimal doping. In fact, the varia-

lonic radius of R* (Angstrom)

(14)

With the calculatediny /dP, volume compressibilities, and
Ny, one can evaluate the values afinVe;/dP and

d In Q/dP from Egs.(12) and (14), respectively. The results
of the model calculations for theBa,Cu;O; series are dis-
played in Table Il. As can be seen from Tabledlln Q/dP
increases significantly with the trivalent rare-earth ion radius.
We note that In Vg/d P increases modestly with increasing
ionic radius ofR®>", with an almost constant value 6f7.0
x10% GPa .

B. Rare-earth ionic size effect odT./dP in RBa,Cuz0,

TABLE II. Predicted values of the pressure-induced changes of hole concentration, the pressure-induced
relative changes of the number of hole carriers, and the effective interaction as well as hole concentration in
the CuQ planes taken from Ref. 45 for rare-earth sefkBa,Cu;0;.

R3* Yo Tm Er Ho Y Dy Gd Eu Sm Nd

ny (holes 0.303 0.298 0.296 0.292 0.287 0.284 0.273 0.265 0.262 0.233
dny/dP(x107% holes/GPa) 2.90 3.68 3.89 437 470 503 6.47 659 6.92 8.44
dInQ/dP(x10~% 1/GPa) 192 469 546 727 868 9.99 16.02 17.14 18.63 28.44

dInVg/dP(x107% 1/GPa) 7.06 7.11 7.13 7.16 7.17 722 716 723 732 7.32
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FIG. 2. Variation ofT, with hole concentrationy; as a function lonic radius of R™ (Angstrom)

of effective interactiornV¢g=0.0393, 0.0403, and 0.0413 eV. i o )
FIG. 4. Predicted pressure derivatidd,./dP as a function of

L . . ionic radius of trivalent rare earths f®Ba,Cu;O; series. The ex-
tion in maximumT; among various cuprate superconductorsperimental data points are taken from lenal. in Ref. 1.

seems to indicate thaf, should be correlated with/qg.%°
These results demonstrate that bothand Vg significantly calculatechy, anddny, /dP, andd In V. /d P shown in Table

affect the values of c. Il, one can obtairdT./dP from Eq. (11). In Fig. 4 we plot

o e e e 0 o 7 T against he onic radus G o he R0,

~0.0396 eV using the dispgrsion relation of DNM eflft i Series. ThejT_c/dP is an increasing fungtlon of the ra_dlus of

cleérly seen thal, depends on the ionic radius & 1.‘or R3* ions, which agrees quahtatlvely with the prerlme]nts.

the fully oxygeneftedRBaZCLgO T, increases modestly The predlctgdjTC/dP is in good agreement with the mea-

fromT.=92 4 K forR=Yb toTz 94C8 K for R—Nd with surements in .the fully oxygen_atelaBaZCLbO7 compound

increaéing t%ivalent rare-earth ii)nic ;adius For comparisonwIth small 'rad|us of rare-earth 'on except Yb. For the larger

experimental data from Liet al’ and William and Tallog  aré-8arth ion NdBLu,0; material, the calculatedT,/dP

are also displayed. It is clear tﬁat our theoretical prediction of 0.97 KIGPa is comparable with the experimental result of
; SN : . . %.21 K/GPa Interestingly, the predicted value dff./d P of

are in qualitative agreement with experiments. Noting thal : . _

the T, is an increasing function of the trivalent rare-earth ion 50 K/GPa in YBaCusO, is very near the the experimental
¢ result of 0.4 K/GP&.Considering that the pressure-induced

radius inRBa,Cu;0; series, we suggest that the maximun relative change o¥ 4 does not depend significantly upon the
. . eff
T, in optimally doped PrBgCu;0, should be near to 95 K. trivalent rare earth ionic radius, the increasel@t./d P with

This implies that the PrB&usO, crystal grown by Zou the trivalent rare earth ionic radius is mainly due to the in-

4

et a[. may ?e underdoped. . . ._ crease ofiny /dP. It is therefore indicated that the origin of
Lin et al.- measured systematically the rare-earth ion SIZ&€ & ionic size effect o T, /dP observed in the fully oxy-

effect on dTc/dP for fully oxygenated RBa,Cu0; (R genatedRBa,Cu;O; series is the pressure-induced charge

=Yb, Tm, Ho, Dy, Gd, Sm, and Nd They found that . . i
dT./dP increases with the ionic radius &°*. With the transfer from the charge reservoir @O chain to the con
ducting CuQ planes.

97— ' ' ' ' ' ' < ' C. Origin of unusually large T. enhancement in PrBgCu30,
1 under pressure
i s 2 b e Although the mechanism of the superconductivity in
O ] PrBaCus0, is still needed to clarify, a remarkablg, en-
93 «® X xx A T hancement in a PrB&u;O, crystal has drawn much atten-
3 . A : tion. There are at present no available experiment values of
= 91l i dInVes/dP anddny /dP for PrBgCu;O, . From Table II,
A ® thiswork | we know that the values afl InVg;/dP and dny/dP for
g9l f ‘g:"ams | fully oxygenated PrBCu;0; should be larger than those for
NdBa,Cu;0; with small radius of rare-earth ion. Neglecting
A ] the possible change afny /dP with hole concentration, we

adoptdn,/dP=1.37x10 2 holes/GPa in PrB&Lu0, as

that in the underdoped YB&u;Og 75 compound® For con-

creteness in discussion, we takellnVgs/dP=1.0

X102 GPa ! for PrBgCu;0, in the present study. Figure
FIG. 3. lonic radius of trivalent rare earths dependencg.dbr 5 shows the transition temperature dependence of pressure

the RBa,Cu;0; superconductors with/z=0.0396 eV. The ex- derivatives ofT. of PrBgCu;0, . The solid line is our the-

perimental data are those from Refs. 1,2. oretical prediction based on E@L1). It can be seen that the

7 1 1 1 1 1 1 1 1
098 1.00 1.02 1.04 106 1.08 1.10 1.12

lonic radius of R* (Angstrom)
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FIG. 5. Calculatedi T./dP as a function of transition tempera-
ture T, in PrBgCu;0, along with the experiment data from Zou

et al.in Ref. 4 and Yeet al.in Ref. 50.

T.~dT./dP curve displays a familiar behavior which is
well known for other HTSCS-’ With increasing transition
temperature, the magnitude dff./dP decreases modestly.
The theoretical results coincide well with the experimental
data of Zouet al®* and Yeet al>° The calculated value of the
maximum pressure derivativel o' 2/dP is 1.13 K/GPa,
which just falls in the consistent tendency of other optimally
dopedRBa,Cu;0;_ 5 seriest Even though the pressure de-
rivative of T, for PrBaCu;O, with T,=85 K(dT./dP

=3.5 K/GPa) is almost an order of magnitude higher than Now that the PrB

that of optimally doped YB#Cuw,O,_ 5, this value is compa-
rable to 4.0 K/GPa in the underdoped YJBaLOq ;¢ With
T.=87.6 K& Interestingly, the underdoped Sm&as0;_ ;
sample with T,.=78 K possesses the saméT./dP
=3.5 K/GPa! These results strongly indicate that the-
usual large value of dJ/dP in superconducting
PrBaCu;O, possibly comes from the underdoped nature.
With the parameters given above, we calculaiedin
PrBaCu;O, compound withT,=85 K as a function of
pressureP in the range of &P<20 GPa by using Eq10)

NG, AND Y. B. YU PRB 61

105

100

90

85 ‘ ‘
0 4 6
Pressure (GPa)
FIG. 7. Predictedl(P) as a function of pressure for the opti-
mally doped PrBgCu;O, superconductor witflT;=95 K up to 10
GPa.

data from Zouet al# are also displayed. It can obviously that
there is a parabolic-shaped curve which is extended along the
pressure axis. Remarkably, our prediction agrees well with
experiments. The value of. already reaches 95 K at 3.2
GPa, the predicted maximum value ©f at ambient pres-
sure. For a pressure of 9.7 GHa,is calculated to be 105.6
K, in good agreement with the work of Zat al. The maxi-
mum T of 106.5 K on theT.(P) curve is exhibited at 12.2
GPa. Note that this maximum is very close to 109 K in the
YBa,Cu,0Og at P=12 GPa?

sCU;O, crystal of Zouet al. is under-
doped, let us evaluatd.(P) for the optimally doped
PrBaCu;Oy with T;=95 K. We integrate Eq.10) utilizing

the parameters dny/dP=1.37x10 2 holes/GPa and
dInVes/dP=1.0x10"2 GPa . The results are plotted in
Fig. 7. As seenT.(P) passes through a maximum of 97.2 K
at 4.0 GPa followed by a sizable decrease. Inghesuscep-
tibility measurements on the nearly optimally doped
YBa,Cu;0;_ 5 crystals Tisseret al®® and Klotz et al>* in-
deed observed the existence of a maximunt i6P) near 4
GPa. Interestingly, the increase ©f under pressure is not

with Ver=0.0396 eVIT{™=95 K). The numerical results oyer 3 K in the optimally doped PrB&u;0, material. It
are presented in Fig. 6. For comparison, the experimentag{ppears that the optimally doped PsBa;0, compound has

110

T, (K

®Zou
—— this work

80 .
0 10
Pressure (GPa)

20

FIG. 6. Calculated values df.(P) with pressureP in the un-
derdoped PrB#£Lu;0, compound withT.=85 K up to 20 GPa.
The solid circles are the experiment data from &bwal. in Ref. 4.

a common intrinsic property of other optimally doped
RBa,Cu;0; _ s materials. In this respect it is desirable to in-
vestigate experimentally the pressure effectlorof an op-
timally doped PrBaCu;0, sample.

Finally, we propose experiments to enhangg in
PrBaCu;O, compounds at ambient pressure. The compari-
son of pressure effect oR. in the electron- and hole-doped
superconductors suggests that a change in the bondlength
between copper and apical oxygen in the pyramids may play
a major part in determining the changeTof under pressure.
One can conjecture that the pressure-induced charge transfer
is the result of a shift of the apical oxygen toward the GuO
plane with the application of pressure. This has been con-
firmed in YBaCu;O;_ 5 and other cuprates.” However, in
the substitution of Y by the small size Gd igqohemical
pressurg Fernandegt al>® found that the apical Cu-O dis-
tance presents opposite trends. Thus, the substitution of Pr by
the large size La would result in the enhancemenT ofn
the PrBaCu;O, system due to the possible shortening of the
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apical Cu-O distances. Another possible way is to reduce thiinction of ionic radius of the rare-earth elements. We found
in-plane distances, which could induce the increase of supethat the pressure derivativel./d P increases with the ionic

exchangelJ. Consequently,T. should increase at ambient
condition. Therefore, high€r. is expected for a sample with
higher compressive stress in theb plane. In fact, a higher
T. = 49.1 K was recently reported for a thin film of
La; oSy 4CuQ, with large compression of tha-b plane by
the epitaxial strain’

IV. CONCLUSIONS

We have investigated systematically the pressure effect

radius of R®* in fully oxygenatedRBa,Cu;0O, system. We
suggest that this ionic size effect orginates from the pressure-
induced charge transfer from the charge reservoiflc0
chain to the conducting Cuplanes. The experimental ob-
servations of the unusually large, enhancement in super-
conducting PrBgCu;O, under pressure are reproduced in
terms of our simple model. Further experiments are proposed
to increaser . at ambient pressure.
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