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The pressure effects on the superconducting transition temperatigédfP) have been systematically
measured for a series @b, _,Pr,)BaCus0O;_s with x ranging from 0 to 0.3. It has been found that
dT./dP<0 for x=0, 0.2, and 0.3, andT.//dP>0 for x=0.05, 0.075, 0.1, and 0.15. We have unexpectedly
observed a pressure-induced increase in the normal state resistivity @2 and 0.3, suggesting a decrease of
the carrier concentration under pressure. Making use of the concept of pressure-induced charge transfer incor-
porated in the model of hole depletion by Pr doping, we have proposed a phenomenological model, which has
successfully explained the dependences afT./dP andT..

[. INTRODUCTION which crosses the Fermi level and grabs holes from the CuO
pdo band. On doping Yor otherR) in Pr-123, the position
After the discoveries th&®Ba,Cu;0, (R-123 with! R=Y of this hole-depleting band shifts witR, resulting in theR
or rare earth elemehtre all 90 K superconductors except dependence of ;. suppression.

_ ; : According to the work® on the electronic structure of
R=Pr, Ce, and Tb, many studies have been made to find wh o :
Pr is different from other rare earth in this system. As a(\’gd'123 and Nd-123, the substitution of Gd with Nd reduces

: . . the energy difference betweeri 4nd conduction electrons,
collective effort on probing the mechanism of honsupercon

and, hence, strengthens the hybridization effect bfasd
ductivity in Pr-123% it becomes clear that the hybridization conduction electrogls. our previ>c/)us|, rzzigr:-pressure

of Pr 4f and O  orbits plays an essential role. However, R.123 has further revealed that tResubstitution induces a
the nature of this hybridization effect on the superconductivtharge redistribution giving rise to B, variation in the se-

ity is still not clear. In order to understand this nature, theries of R-123. We have therefore decided to investigate the
dependence of the superconducting transition temper&ture combined effort of chemical pressul®-size effect and

on Pr doping in(Y;_,Pr,)BaCuO; has been extensively physical pressure fo(R;_,Pr,)Ba,Cu,0;, hoping to shed
studied?® The models for explaining thi$.-x relation in-  some light on the mechanism of the nonsuperconductivity in
clude hole filling® pair breaking’® hole localizatior, and  Pr-123.

percolatior? Among them, the model of hole filling is di- It has been demonstrated that high pressure can influence
rectly related to the number of carrigrs) which is knownto T, greatly’’ According to the proposed model of pressure-
be a key parameter determinifig. The results of the Hall induced charge transféPICT), there are two contributions
measuremelt and the Ca-doping experiménton to the pressure effect 6f, (dT,/dP). One is the pressure
(Y4 _,Pr)Ba,Cu;0; showed that the presence of Pr was ac-effect on the maximuri; and the other is the pressure effect
companied by a decreasernnfin consistence with the model on the carrier concentration. In addition, it was further
of hole filling. On the other hand, many measuremetfts!  suggestet! that dT./dP is positive for an underdoped
showed that the valence of the Pr4s3 and it was thus sample (when the carrier concentration of the sample is
argued that a Pr ion could not possibly provide an electron tdower than the optimal valyeand negative for an overdoped
fill the hole in the Cu@ plane. In a model of Fehrenbacher sample (when the carrier concentration of the sample is
and Rice(FR),*? it was suggested that the hole localizes athigher than the optimal vallleHowever, the pressure work
the Pr site and the extra valence in additiont8 for the Pr  of (Y,_,Pr,)BaCu;0; (Ref. 18 and (Dy;_,Pr,)BaCu;0,

ion may not be detectable by some optical measurementgRefs. 19 and 20have shown that T.//dP is negative for
This model resolves the controversy on the different valencéhe samples wittkx>0.3, which require a modification of the
values of the Pr ion obtained from different measurementsPICT model since the samples are not overdoped but with a
But, it still cannot explain th&k dependence of . suppres- negatived T /dP.

sion in (R;_,Pr)Ba,Cu,0,.2® Liechtenstein and Mazin In this work, we have applied physical pressure on a se-
(LM),* therefore, have modified the work of FR, and pro-ries of (Yb; _,Pr,)Ba,Cu;0, to measure the pressure depen-
posed that thé orbit in Pr-123 forms a hole-depleting band, dence ofT. depression at various Pr-doping levelg .(The
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FIG. 1. T, vs x (Prdoping level for various FIG. 3.dT,/dP vsx for (Yb;_Pr)BaCu0; (the solid circley

(Yb; _«Pr,)Ba,Cu;0;. The solid circles represent the measufed  gpq (Dy;_Pr)Ba,Cu0, (the open circles Data for
values with the vertical bars showing the transition widths. The(Dyl_XPrX)BaZCu307 are taken from Ref. 10.

transition width is less than or equal to the size of solid circles for
x<0.15. Il. EXPERIMENTS

; ; L ; Polycrystalline(Yb, _,Pr,)Ba,Cu;0;_ 5 with x=0.0, 0.05,
reason for choosing Yb system is that the ionic radius of Yb 1-x" x -8
is the second smallest while that of Pr is the largest in the0‘0.75’ 0.1, 0'15’.0'2’ and .0'3 were prepared by the standard
Solid-state reaction technique. All samples were post an-

rare-earth series. The larger difference in their ionic Size%ealed in flowing oxygen at 400 °C for 8 h. The oxygen
gives rise to a plateau 6 on th.eTC'X cuve N contents of these samples were determined to be*B9B
(Yb,_Pr)Ba,Cu;0; at smallx. The orgin of ,th's 'plateau by using the idometric titration method. Structural character-
for (Yb, _Pr)Ba;Cu0; will also be explained in this paper. jaion was carried out by using a Rigaku DMAX/BIII pow-
Our experimental data have shown that pressure enhaices yer diffractometer to confirm the phase purity of the samples,
for samples with lowx (0<x<0.2) but suppresse$; for  anq the dc magnetization at field cooling was measured to
those with higheix (x=0.2 and 0.3 These results will be check their homogeneity. The sample was individually sealed
discussed based on a modified model of PICT with a conceph a Teflon cell with 3M Florinert fluid as a pressure medium
of pressure-enhanced hole depletion. and the cell was contained in a Be-Cu high pressure clamp
to generate hydrostatic pressule,up to 1.8 GPa. The four-
point method was employed for resistivity measurements by
using the standard inductance bridde.was defined as the
temperature at which the electrical resistivity drops to 50%
of its extrapolated normal-state value. And, the transition

92+ x=005

. . A a width (AT.) was defined as the temperature difference be-
D e e tween 90% and 10% of the extrapolated normal-state resis-
P x=0 tivity values. It was found previously that the pressure effect
go/- x = 0.075 X o of T. depends critically on the sample quality, and the data
T X =04 are reliable only when the transitions are sharp. In this work,
- = AT, is less than 1.5 K fok<0.2, and 3.2 K forx=0.3.
€ 81 «x=o15
e = B -
H 80| x-o2 ll. RESULTS AND DISCUSSION
sl Figure 1 shows our data ofT, vs x for

(Yb, _,Pr,)Ba,Cu;0;. The vertical bar represents the transi-

o \'\\ tion widths. Forx<0.2, the transition widths are less than or

equal to the size of the solid circle§, shows a nonlinear
and nonmonotonous behavior for samplesdai0.2; while it

651 increases slightly withx from 0 to ~0.05, it, however, de-
creases from~0.05 to 0.3. ThisT.-x relation is consistent
60 ———A—— with the previous results of Xu and Gu&®
0o 04 0B 12 16 20 T. vs P for several (Yb,_,Pr)BaCu;O; samples are
P (GPa) shown in Fig. 2.T, increases linearly with increasing pres-

sure forx=0.05, 0.075, and 0.1, but decreases linearly for

FIG. 2. T, vs P for (Yb;_,Pr)BaCu0; with x increasing X=0, 0.2, and 0.3. Within our experimental accuracy, the
from 0 to 0.3(note: there is a break in theaxis for the values of ~crossover from a positive to a negative slope takes place at

T, betweenx=0 andx=0.075. x=0.15, at whichT, is nearly constant with pressure up to
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1.8 GPa. According to the least-square($i¢e solid lines in  ment with the values obtained for various
Fig. 2, the slope ofT, vs P for x=0 is negative, then be- (Y;_,Pr)BaCu0, by other group§?® Our data implies
comes positive and increases with increasiguntil x  that the model of the absence of the magnetic moment in Pr
reaches 0.075. From=0.075 to 0.10 the slope is still posi- at smallx is not likely to be the mechanism governing the
tive but decreases with increasing and finally becomes Observed plateau in thg.-x relation for(R; _,Pr)Ba,Cu;0;
negative atx=0.2 and 0.3. Similar results have been ob-With smallerR. _

tained for (Y, ,Pr)BaCuO, (Ref. 18 and A hole-filling/pair-breaking model has been pr_oposed to
(Dy; _Pr)Ba,Cu;0,,1° but, in these cases, the values of Interpret the x dependence ofT, and dT/dP in the

18 H
dT./dP become negative at higher valuesxof (Y1 <Pr)Ba,Cu0; system by Mapleet al. ™ In this model,
In Fig. 3, we have ploted dT/dP for the behavior off .-x at ambient pressure is interpreted as the

outcome of the competition between a parabolic carrier-

(b, —Pr)Ba,CL0, as a function ok, and, for comparison, density term and a linear pair-breaking effect:

we have included the data féDy; _,Pr,)Ba,Cu;0,.>° From
these two sets of data, we have noticed three interesting fea- T _ _ 2_

tures. First, for undoped samplés=0), dT./dP is positive Te=Teom Ala=px)"—BX, @

for Dy-123 but negative for Yb-123. Secondly, the nonlinearwhere A is a constantB the pair-breaking parameter, and
behavior ofd T/dP vs x for (Yb;_,Pr,)Ba,Cu0; is similar  (a—pBx) the number of effective carriers and it was assumed
to that for (Dy,_.Pr)BaCu0;. Thirdly, the value of thatonlyT., 8, andB changed with pressure. Then,

dT./dP becomes negative at largefor both systems. The

opposite sign odT./dP for Yb and Dy-123 has been ex- dT./dP=dT,/dP+(2Aadp/dP—dB/dP)x

plained in Ref. 14 by the nature of doping: overdoped for _ 2

Yb-123 and underdoped for Dy-123, arising from the charge (2ABABIAP)X". @
redistribution between the charge reservoir and the £LuOHowever, it has been shown in Ref. 18 that owing to the
plane. For the second and the third features in Fig. 3, thé&arge uncertainty ordB/dP, Eq. (2) could not be used to
similarity in these twodT./dP vs x curves suggests that provide information on the pressure dependence of the mag-
there is a common mechanism, closely related to the mechaetic interaction. In other words, although Ed) describes
nism of T, depression by Pr doping, governs the pressuréhe T -x relation of(Y,_,Pr,)Ba,Cu;O; rather well, Eq(2),

effect onT, in (R;_,Pr)BaCu;0;. which is derived from Eq(1), cannot satisfactorily explain
The nonlinear behavior of th&.-x relation for smallx  the experimental data afT./dP vs x.
(see Fig. 1 has also been observed in some srRaflystems In Fig. 3, our data show thaT./dP is negative foix=0,

such agEr; _,Pr,)Ba,Cu;0; or (Y, _,Pr)Ba,Cu;0O;, and has 0.2, and 0.3. Fok=0 (pure Yb-123, negativedT./dP can
been attributed to a nonmagnetic-magnetic transition by Xde understood because it is in the overdoped state, in which
and Guarf? This model assumed that there was a regionan increase im by pressure causd@s decrease as seen in the
where the 4 electrons of Pr are heavily hybridized with the previous report for(Y,La,C8-1231" The negatived T /dP
conduction band such that Pr loses its magnetic morfant values forx=0.2 and 0.3 are somehow unusual, since these
well as the pair-breaking strengtthence, T, is unaffected two samples have low, and are not overdoped. According
by Pr doping in this region[the small x region in to the fitting for the pressure data Of,_,Pr)BaCuO; by
(R;_Pr)Ba,Cu,0; with smaller R]. When x crossed the using Eq.(2),'® dg/dP is positive anddB/dP is negative,
proposed transition, their magnetic moméand the related indicating that the negative T./dP results from the qua-
pair-breaking strengjhrecovered and . was suppressed lin- dratic term ofx. In other words, the major contribution to the
early with Pr doping. This model can be tested in the presentegativedT,/dP is the increase of8 with P (note: the in-
pressure study because the magnetic interaction is sensitieeease ing means the decrease in the hole concentration
to the interatomic distance, as demonstrated in some previFhis observation is in accord with our results of the pressure
ous reports on the conventional superconductbrsccord-  dependence of the resistivity behavior. We have found that
ing to the model of Xu and Guai,the change in the slope the normal state resistivity decreases under pressure for
of T.-x curve atx=0.15 for(Yb;_,Pr,)Ba,Cu;O; should be  x<0.2, but increases under pressurexXer0.2 and 0.3. Fig-
regarded as a transition from nonmagnetic to magnetic stateres 4 and 5 display the temperature dependence for resistiv-
In the case ofDy; _,Pr,)Ba,Cu;0,, T.-Xx curve, is, however, ity p under various pressures fer=0 and 0.3, respectively.
linear atx=0.15, and, hence, based on this model, the magFigure 4 shows a decrease of the normal statend a de-
netic transition does not occur. Therefore, one should expeatrease inT; under pressure, while in Fig. 5, the normal state
thedT,/dP-x curve in(Yb;_,Pr)Ba,Cu;0; to be very dif-  p increases with a decreaseTiy under pressure. The value
ferent from that of(Dy,;_,Pr,)BaCu;0;. Our dT,/dP-x  of dInp/dP has been obtained to be10+2%/GPa for
data, nonetheless, show a similar behavior for these two sysamples withx<<0.15, which is consistent with those of high
tems (see Fig. 3 suggesting that the model of Xu and temperature superconductdi4TS). This value ofd Inp/dP
Guarf? is inadequate to explain these pressure data. To fuffound in most HTS has been attributed to the pressure-
ther confirm the absence of this nonmagnetic-to-magnetimduced charge transfer from the charge reservoir to the
transition in (Yb;_,Pr,)Ba,Cu,0,, we have also measured CuO, plane?® Therefore, the observed positive value of
the magnetic moment of the Pr ion oY oPr 02 Ba,Cus0;  dInp/dP in the normal state fox=0.2 and 0.3 are rather
by using a superconducting quantum interference devicanusual in HTS and cannot be simply explained by the pair
magnetometer. Pr ion is expected to have zero magnetic mdreaking effect, which occurs only in the superconducting
ment if it is in the nonmagnetic region. A magnetic momentstate. If the model of pressure-induced charge transfer
of 2.5 ug has been, however, obtained, which is in agree{PICT) is valid, however, positival Inp/dP can be under-
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stood in terms of a decreaserinnduced by pressure. How-
ever, for samples with large the p-T behavior may change
from metalliclike to insulatingliké®=2° which could be due
to a pressure-induced hole localizatf§n.

The model of FRRef. 12 has shown that the mixed state
of Prt3 and Pf* plays an essential role in determining the
electronic state of the Cuplane. When the hole state in
Pr-O, is more stable than in the Cu-O planar singlet, mor

fer from the Cu-Opdo band into the FR state which is a
mixture of 4! and 4f’L configurations withL being a
ligand hole in the O @ orbit. In this model, there exist two
discrete hole statest,=0 or n,=(1—n.)/2 wheren, is the
number of holes per Cuplane andh, the number of holes

per CuO chain. Nonetheless, with only two discrete stablqn
solutions for the hole states, this model cannot be used te

explain the observed continuous suppressionT ofby in-
creasing Pr doping. Therefore, Liechtenstein and Mé4zin

modified the work of FR by assuming an additional disper-

sive band crossing the Fermi level, which can grab hole
from the Cu-Opdo band(namely, the fractional holes can
be transferred to the FR statd@he result of the calculation
in the density of staté$ refers that the number of holes
transferred to the FR state xsand R dependent.
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FIG. 5. Temperature dependencegofor (Ybg -Prg 31Ba,Cuz0;
at various pressures.
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FIG. 6. (a) Solid curves are the theoretical fittingsTf vs x for
(Yby_,Pr)BaCus0; (curve ) and (Dy;_,Pr)Ba,CusO; (curve

e . . 2
. . . 11); (b) solid curves are the theoretical fittings @T./dP vs x for
holes are bound to Pr sites. More precisely, holes will trans&bi ) 9° e

—X

Pr,)Ba,Cu;0O; (curve Ill) and (Dy,_,Pr)Ba,Cu0O; (curve
IV). In both figures, the vertical line represents the experimental
error bar.

Based on the argument of LK, the observed negative
dT./dP accompanied by positive Inp/d P can be explained
terms of the pressure-enhanced hole depletion from the
uG, pdo band, resulting in a pressure-inducedsuppres-
sion. However, the positivel T.//dP values for 6<x<0.15
indicate the presence of another pressure effedt.gmwhich
is believed to be the effect of PICT. Consequently, in order to

%xplain our data off .-x anddT./d P-x, we have proposed a

model based on the theory of LM along with the concept of
PICT. The central theme of our model is that the pressure
effect onT, arises from two competitive components: one is
the PICT from the Cu@chain to the Cu@plane, yielding an
increase im; the other is the pressure-enhanced hole transfer
from the CuQ plane to the FR state, giving a decreas@.n

Including the hole-depletion effect of Pr doping in the
parabolic function oh, T. can be written as

Te=Teo— C(n—ng—Dx)?, )

whereC is a constantn, the optimaln corresponding to the
maximumT, (Ty), andD an effective factor related to the
hole depletion by each Pr ion. Here, we assumdo be
pressure dependent. Then,

dT./dP=dT,/dP—2C(n—ny—Dx)dn/dP
+2Cx(n—ny—Dx)(dD/dP)
=dT,/dP—2C(n—ny—Dx)

X (dn/dP—xdD/dP), 4
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in which dn/dP is the rate change of the number of carriers IV. CONCLUSION

under pressure through charge transfer from the CuO chain
to the CuQ plane, andkdD/dP is that from the Cu@plane

to the FR state. We have used E8). to fit our experimental
data of T, vs x with T.q andD fixed, allowingny—n andC

to vary. T is chosen to be 89.6 K because it is the maxi-
mum T, in the T.-x curve (see Fig. 1, and we have taken

We have systematically measurégd anddT./dP for the
series of (Yb;_,Pr,)BaCu;O;. Our results have shown
dT./dP<0 forx=0, 0.2, and 0.3 antt0 for x=0.05 to 0.15.
The negative values afT./dP for x=0.2 and 0.3 were ac-
companied by positived Inp/dP, suggesting a pressure-
induced decrease in the carrier concentration. In order to

D=0.3 as suggested by LM.As shown in Fig. 6a), curve | . .
is our best fit for(Yb, ,Pr)Ba,Cu0, with C=3000 and explain our data, we have developed a phenomenologmal
1-x" X ! model by incorporating the concept of pressure-induced

n—ny=0.015. For comparison, we have included the data :
and the fitting(curve 1) for (Dy;  Pr)Ba,CuO,. For curve charge transfer into the model of LM. A good agreement has

Il, C=3000, n,—Nn=0.022. From Fig. @), we have found been obtained between the experimental data and the theo-

. . . . .. retical curv fT. vs x and dT./dP vs x for
that curve Il is more linear than curve I, in consistence with cal curves ol f VS a o S 0

the experimental observations for those systems with Iargfrazzéaépgﬁaﬁq%?gcsﬁ ilégy&; XLZé)(jB ?écurfgi'cﬂ;od; tg:qs_
R.52223 |nserting the same values of,—n, C, andD as ' h ;

those used to obtain curves | and II, the ddB/dP vs x dence ofdT,/dP vs x. Nevertheless, further testing of this

were fitted by using Eq(4). We have employedin/dP rrl;odella %a”S for more pressure work on other
~0.0065 hole/GPa following Ref. 27, witdD/dP and (Ri-xPh)BaCLO;.

dT./dP to be the adjustable parameters. The physical mean-
ing of dD/dP is the number of the pressure-enhanced hole
depletion per Pr ion. Curve Il is a fit with
dT.,/dP=(0.05+0.03 K/GPa anddD/dP=(0.037=0.007 One of the authorgJ.G.L) would like to thank Dr. J.
GPal for (Yb;_ ,Pr)BaCu0,; curve IV is with Clayhold at the Texas Center for Superconductivity at the
dT./dP=(0.8=0.1) K/GPa and dD/dP=(0.035-0.003 University of Houston for many helpful discussions. This
GPa! for (Dy,_,Pr,)Ba,Cu;0,. As shown in Figs. @) and  work is supported in part by the National Science Council of
6(b), our fittings agree with the data within the experimentalthe R. O. C. under Grant No. NSC-85-2112-M-002-022, the
error. The good agreement between the experimental dattate of Texas through Texas Center for Superconductivity at
and the theoretical curves suggests the applicability of outhe University of Houston, and the T. L. L. Temple founda-
model. tion.
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