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We present a study on the effect of thé Psubstitution for BA" in the P, ,Ba,_,Cu;05 . 5 System, where
small superconducting fractions have been observed in some of the samplesinmttie range 0.£x<0.6.
Copper nuclear quadrupole resonan®QR) and zero-field NMR are reported for the=0.3 sample
Pr, :Ba, -Cu;05, 5 in which the largest superconducting fraction has been detected below $%&u NQR
in this sample shows the presence of a fraction of metallic copper in the @la@es and confirms that the
substitution of Pr onto Ba sites leads to oxygen interchain sités @2cupancy. The existence of two different
magnetic C(P) sites is evidenced for= 0.3 from the comparison of the @) zero-field NMR in thex=0 and
x=0.3 samples. The whole set of results is interpreted in the framework of a phase separation mechanism in
the CuQ planes induced by the Ba/Pr substitution. Three characteristic domains are involved, in which
respectively localized holes are present, no holes are transferred, and mobile holes reside. We present a model
where the observed superconductivity is due to a segregation of local defects in the structure which gives a
distribution of clusters containing mobile holes. A local weakening of the-®j, hybridization by the Pr/Ba
substitution is argued to explain the presence of these clusters.

[. INTRODUCTION complicated by the lack of consensus concerning the synthe-
sis conditions leading to superconductivity in Pr-123. On the
The possibility of superconductivity in PrB@u;O, (Pr-  one hand, some auth8rs have emphasized the role of dis-
123), which has been considered up to now as an insulator, isrder induced by B on the B&" sites, and concluded that
currently a very active field of research. A large number ofthe key to obtaining superconducting Pr-123 was to prepare
experimental and theoretical works have been devoted teamples under synthesis conditions that minimize the amount
give a consistent picture of the insulating state of this comof PF* on B&" sites. In this way, Blacksteaet al® have
pound. The earlier attempt to understand this anomaly in theeported the observation of inhomogeneous superconductiv-
RBa,Cu;0,; (R=rare earth) family of cuprates has been theity (detected by surface resistance measurements at micro-
investigation of the Y_,Pr,BaCu;O; system in which the wave frequencigsbelow T_~90 K in thin films, and a

superconducting critical temperature decreases progressivelyeissner effect has been observed by Sheitlal** below

as a function of Px) concentration and disappears for athe same temperature in small crystallites. On the other hand,
critical valuex.=0.55. Several models have been proposedbulk superconductivity(associated with zero resistivity at
magnetic pair breaking by Prhole-filling' by P#*, chain-  low temperaturéshas been observed by Zait al. only in
disorder induced by Ba/Pr substitutfoand hole localization the case of inhomogeneous sampfes which there is a

in Prgs-Ospr orbitals®* The three first models fail to consis- doubt about the oxygen stoichiometry and the degree of
tently explain a large number of experimental observationsBa-Pr substitution. Moreover, in these samplesis smaller

In the last one proposed by Fehrenbacher and®Rieeholes (~80 K at ambient pressurdghan that reported for well-
are effectively doped in CuQplanes, but are localized in ordered samples, and is anomalously enhanced under
Prt-O4p, Orbitals. This assumption has been confirmed bypressuré?

many studies such as x-ray absorption experiment&) Independently of the effect of the synthesis conditions on
NMR.® or charge density studyand has been up to now the superconducting character of Pr-123 samples, Cao
widely accepted as the most plausible model to explain thet al** have pointed out the crucial role of Ba substitution by
lack of superconductivity in Pr-123. Nevertheless neither thésovalent Sr ion, on the restitution of superconductivity, in an
progressive decreasing @f. in the Y;_,PrBa,Cu;0; sys- initially nonsuperconducting §,Pry¢Ba,CusO; sample.
tem nor the recent reports on superconductivity in Pr-1238oth metallic conductivity and superconductivity were ob-
thin films®>® and crysta®** are explained by this model served in % Pr Ba,_,SrCu;O; at x=0.75, accompanied
alone. Concerning the last point, the situation is especiallypy an orthorhombic to tetragonal transition. More recently
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Muroi et al1* underlined the inhomogeneous character of thesults with previous work bearing on phase separation in cu-

superconductivity observed in the, Y,PrBa,_,Sr,Cu;0O;  prates.

system, arguing that the main effect of Sr substitution for Ba, The paper is organized as follows. The next section re-

was the weakening of the RfO,, hybridization near the views the NQR/zero-field NMR background necessary to un-

substituted site through a local structure change. derstand results and discussion. Section Ill provides some
In the present work we show that the effect of Ba partialinformation on the experimental techniques including the

substitution by Pr in the Pr-123 system can generate supegharacterization of samples. In Sec. IV we present and ana-

conducting clusters and we study the mechanism of phagdgze our data obtained by susceptibility measuremeses.

separation which is present in the Cufanes. Varying the 1V A), copper NQR(Sec. IV B) and zero-field NMR(Sec.

Pr concentration in the Pr,Ba,_,CuO., 5 system fromx IV C), followed by a discussion in Sec. V and a summary in

=0 tox=0.6(the limit of solubility), we observed the great- Sec. VI.

est fraction of superconductivity for=0.3. We focus our

study on the two sampleffully oxygenated with x=0 Il. ZERO-FIELD NMR AND NQR THEORETICAL

where no superconductivity was detectable a€l0.3 in BACKGROUND

which a significant superconducting fraction was extracted

below T,~90 K from SQUID susceptibility measurements. ween the nuclear spihand (i) the static applied magnetic
For this investigation we have used NQR and zero-fiel ield Hy, (ii) the local hyperfine magnetic field, afi ) the

NMR as local probes ideally suited for the observation of th L : A
electronic state and the environment of copper atoms in tﬁbx:cal electric f|9ld grad|en¢EFG). The total Hamiltonian of
e nuclear spin can be written as

Cu(1) chain sites and G@) plane sites. NQR is sensitive to
the local electric field gradientEFG) value, and provides
valuable information about ionicity, bonding and local
charge state. The zero-field NMR spectra which are typicaYVIth
of well defined magnetic local structures, give a direct esti- - -
mate of the local hyperfine magnetic figtt,; and EFG val- Hzeemar= — ¥nftHo- | 2
ues on C(R) site in the AF ordered state of Cy@lanes. and
From copper NQR measurements in the sample with
=0.3(see Sec. IV B metallic Cu(2) sitesvere identified in eQV,,
the CuQ planeswhose low density corresponds to the frac- H quadrupoi& 41(21-1)
tion of superconductivitdetected by susceptibility measure-
ments. We also observed various oxygen coordinations of We do not discuss the hyperfine Hamiltonian in detail, as
the chain copper sites and particularly the oxygen antichaiit does not contribute directly to NQR spectra, and since
sites @5) occupancy. For the analysis of these result, weusuallyHg is set equal td;, in the Zeeman Hamiltonian to
used a comparison with the copper NQR spectrum in theccount for the static part of the internal fidH],; in zero-
La; Bay LCu0;, 5 compound which is isostructural to field NMR experiments. In the case of NQR, one sdis
Pr, 3Ba; .Cus0; ., s but exhibits bulk superconductivityT¢ =0, and the quadrupole part of the Hamiltonian gives rise to
=48 K). doubly degenerate energy levels. In the particular case of Cu
In addition to the presence of a small fraction of metallicwith | =3/2, a single NQR line is observed for the two iso-
Cu(2) sites, we observed using copper zero-field NMR intopes®Cu (69%) and ®°Cu (31%):
Pr; sBa; .Cu30,, 5 (see Sec. IV Ctwo other distinct Cu(2)
sites characterized by different local hyperfine field values 6365, _ #5QeV,, 1 a 4
These findings microscopically demonstrate the presence of QT 2h + 3 (4)
an in-plane magnetic phase separation. Furthermore the cob)V—
per zerofield NMR spectra measured in fully dopedWhere Q stands for the nuclear quadrupole moment,
PrBaCu,0, and in oxygen-depleted PrBau;Og o are com- Voo (_az_x,y,z) f_or the principal components of the local
pared with those reported in the literature for PyBa,0,,,  S'€ctric field gradient tensd, and = (Vi — Vy,)/V;, IS the
(Ref. 15 and Y,Ba,Cu;0q. 1% This comparison gives evi- asymmetry parameter of the EFG. A doublet is therefore

3,6 ; ; ; .
dence for a strong sensitivity of this data to the oxygen sto€XPected for the®>*Cu NQR line, with frequencies corre
ichiometry. sponding to the ratio of the nuclear quadrupole moments

We show(in Sec. V} that the three types of planar Cu _63Q/65_Q=1.0_8, and with ampli%lgdes in the ratio of natural
sites arise from distinct structural environments involving SOtopic relative abundancéSA/**A=0.45. ,
the various oxygen coordinations of the chain copper sites !N crystalline solids, the EFG is usually described by on-
and the substitution of Pr onto Ba sitehese enable charge Sit¢ and lattice contributions:
transfer between chains and planes that produce various hole 4 lattice _ n-site
doping situations in the plangso-called alpha, beta and €g=(1-y.)ed™ (1-Roled ®
gamma sites We discuss the occurrence of local supercon{y.. and Ry are the Sternheimer anti-shielding factors; for
ductivity in the framework of microphase separation in themore details see Ref. 18n the particular case of copper in
CuG, planes induced by Pr substitution on Ba sites and théigh-T, superconductors, the NQR frequency is sensitive to
formation of clusters where the charge transfer from chainswo factors: the first is related to the Cu oxygen environment,
to planes is active while the R¥O,, hybridization is sup- and the second to the hole density in the Cu-O orbitals. The
pressed. Finally we briefly discuss the connection of our refirst effect mainly concerns the Cl) chain site(see Fig. L

In NMR experiments, one considers the interaction be-

H= HZeeman’" H hyperfine+ H quadrupole (1)

3|§—|2+g(|i+|2,) E
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(open circlesas a function of Pr concentration. Standard deviations
are included in symbols.

FIG. 1. Schematic drawing of thHe,, \Ba, _,Cu;O5 s Structure
(the buckling of Cu@ planes is not represented.ight R®* ions
are known to be soluble on Ba sites, leading to oxygen ©)

antichain occupancy.
bancy analysis of zero-field NMR spectra allows the valuedgf

In RBa,Cu;0,, three neighboring configurations for the andwvq to be extracted, as well as the anglédetweenH
Cu(1) site are possible with twofold, threefold, and fourfold and thec axis.

oxygen coordinations, each being characterized by a narrow .

range of NQR frequencies, which can slightly vary depend-

ing on the RE ionic siz&%1920 For example, one gE‘@I/Q 1Il. EXPERIMENTAL DETAILS

values between 30.2 MHz and 29.9 MHz for(@uO2 sites, _

whereas C(1)-O4 in full chains are characterized by lower A. Sample preparation

values, ranging from 21.8 MHz to 23 MH#or more details, Our experiments were carried out on powdered samples.

see Liigemeieret al*’). On the other hand, in the case of The PrBaCu,0, sample was carefully prepared in order to
the Cu2) plane site with the coordination @)-O4, band  ayoid Pr/Ba substitution and oxygen defects on the chains as
structure calculations have shown that the EFG is sensitive tﬁreViOUS|y described in Ref. 27 . The effects of a Systematic
on-site contributiond?~?*Zhenget al. have given a detailed sypstitution of  barium by  praseodymium  in
analysis of C() *vq values reported for different high:  pr,, Ba, ,Cu;0;. s have been studied for 0<x<0.6. The
superconductor¥. They concluded that the hole-density in main difference in the synthesis process concerns the higher
Cu 3dy2—y2 and O D, orbitals are key parameters, which temperature of reaction in air between the three oxides
are to be considered to account for the(®JUEFG variations  pr,0,,, Ba0,, and CuO, which varies from 930°C for
from one highT, superconductor to the others. Last of all, =0 to 990 °C forx=0.6. The evolution of the lattice param-
we want to underline the fact that in the case ol DUn  eters as a function of, obtained from a Rietvelt adjustment
full-oxygenated chains, the hole-doping level of the Cu-Ocf the x-ray diffraction patternéCu K «), is shown in Fig. 2.
orbitals should be considered in a way similar to that used bythe transition from an orthorhombic to tetragonal structure
Zheng etal. for the analysis of the G@) EFG. The Cll)  occurs for 0.5x<0.2, and the limit of the solid solution is
quadrupolar frequency is very sensitive to the doping level ofeached forx>0.6, in agreement with previous diffraction
Cug; chains, as shown by the comparison between the valugdies?®2 A similar procedure of synthesis was used for
in Y-123 hole-doped chairls~0.5 hole per C(L) in the 3d°  the L4 Ba, ,Cu;0,, » sample and the tetragonal structure is
configuration, and®®vq~22.2 MHz at 300 K in this study  alsp demonstrated  with a=3.9101(1) A and c

and the lower one obtained by Takiga¥at al.in the quasi- — 11.7485(5) A . Finally, PrBsCu,O4 o (0xygen depleted
isostructuralinsulating chain of SpCuQ; [Cu(1) in the 3d° and YBaCu,0, (THdPont_gg 5 K) sdmples were obtained

. . 3 — K )
configuration, "?‘”06 vo~3.7 MHz at 280 K. _ . by conventional preparation methods.
In zero applied field NMR experiments, the static field in

the Hamiltonian is equal to the local internal magnetic field,
Ho=Hint, and thusH gagrupois€ Hzeeman FOr €ach Cu iso-
tope, a central line is expected from the £, — 1) transition, The zero-field NMR and NQR experiments were per-
and two satellite lines from the(3,+ 3) transitions. The formed using a standard pulse spectrometer. In NQR and
central line frequencies fd°Cu and®3Cu are in the ratio of  zero-field NMR experiments, the quantization axis for the
the magnetic moment of the two isotope®y/%3y=1.07, nuclear energy levels are respectively given by the principal
resulting in a higher frequency for tf8Cu lines. Six peaks axis of the EFG tensor and the local internal field direction.
are therefore observed resulting from the quadrupolar splitThis allows accurate studies on powders, as there is no line
ting of 53Cu and®Cu Zeeman levels, generally overlapping broadening due to the axis orientation dispersion, contrary to
each other, with amplitudes and frequencies that depend dhe case of NMR experiments. Zero-field NMR and NQR
the relative values oH;, and vg. In principle, a careful  ®3°Tu spectra were obtained plotting the integral of the ech-

B. NQR and zero-field NMR spectroscopies
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oes versus the applied radio frequer(cf) after anw/2— 7 ?é 1 ¢
—a rf pulse sequence. The spin-echo signal was averaged at 0O1FC 1
least 18 times, in order to increase the signal to noise ratio 1 \.‘j 1
and a phase alternation of the rf pulses was used to obtain a -1 'ZFE > by ]
ringing free echo signal. Zero-field NMR and NQR signals _2_' *%os0eer®”® (b) ]
were normalized with respect todﬁ’, wherew, is the Lar- . . i .
mor frequency. The GQd) NQR spectra were obtained be- 60 80 100 120
tween 4.2 K and 300 K, whereas the (@uzero-field NMR T(K)

spectra were obtained below 4.2 K, owing to the increase in FIG. 4 SQUID  susceptibilty ~measurements  in
spin-spin relgxatlon _ratej[é at higher .temperatureBhls Pr, B3, CuO5 ., : (3 ZFC under 18 Oe (black squaresand (b)
rate, when given as in Fig.(9), was estimated by a single r="3nd ZEC under 5 Ofilled circles.

exponential fif.

for H=5 Oe(ZFC and FC, Fig. # Here, the negative value
of the magnetization below. dominates the paramagnetic
Zero-field-cooled(ZFC) and field-cooledFC) magnetic ~ Pr contribution in the temperature range 90>K>70 K.
susceptibility measurements were performed using a SQUIDhis allows a direct estimate of the superconducting fraction,
susceptometer for different low applied magnetic figfdsv ~ and we deduce the values of the order of 0.2% for the shield-
Gauss to 100 Gauss, depending on the sample under invasg fraction (ZFC) and of 0.08% for the Meissner fraction
tigation). This allowed one to single out the superconducting(FC), under 5 Oe. Other fields up to 100 G yielded similar
transition temperature and the screening fraction in a reliablshielding fractions whereas the Meissner effect was found to
manner. Indeed for higher fields, the paramagneticlike condecrease by a facter4 between 1 and 100 G. The signature
tribution due to Pr ions, which is proportional to field, over- of the Pr lattice magnetic ordering @f~ 12 K can also be
comes and masks the superconducting contribution, whiclgbserved. We conclude that a very small fraction undergoes

C. SQUID susceptibility measurements

on the contrary, decreases with increasing field. a superconducting transition below 90 K in the=0.3
sample, whereas no sizeable effect was observed inxthe
IV. EXPERIMENTAL RESULTS AND ANALYSIS =0 sample.

It is worth noting that for a similar composition for the
rare earth ions, the LaBa, .Cu;0; ., s system exhibits bulk
Systematic susceptibility measurements were performeduperconductivity at much lower temperatur: € 48=1
on all our P5,,Ba ,_,Cu;0;, s fully oxygenated samples K), with a superconducting fraction roughly equal to 50%
for x varying betweerx=0 andx=0.6 in order to search for (corresponding to a susceptibility decrease &f1® 3 emu/
bulk superconductivity in relation to the Pr/Ba substitution.g).
For x=0.4 no trace of superconductivity was observed,
which is in contrast withx<<0.4 where some samples pre- B. %5%Cu copper NQR
sented traces of superconductivity. Only one batch, xfor
=0.3, yielded a sizeable diamagnetic contribution of 0.2%. - "€ Cu NQR spectrum of th&rBa,Cu;0; sample (x0)
We discuss next thex=0 andx=0.3 cases which have = The ©3°%Cu(1) spectra at 300 K and 4.2 K in
been studied in great detail. PrBaCu;O; are shown in Fig. 5. A doublet is expected for
The susceptibility curvg(T)=M/H for PrBgCusO; un-  the NQR line, with frequencies corresponding to the ratio of
der H=10% Oe (FC mode is shown in Fig. 3. The curve the nuclear quadrupole momenf$Q/5°Q=1.08, of the two
exhibits a deflection point afy~17+1 K, which is easily isotopes®Cu (69%) and ®°Cu (31%), and in the absence of
attributed to Pr AF ordering. This result is in good agreementnetallic Cu2) sites the frequency range of the whole NQR
with other studie’ In the case of Rr,Ba, Cu;0;. 5, @ dia-  spectrum is limited to the usual range 19—24 MHz. However,
magnetic effect is present below 90 K, andeggative Meiss- the line shape is strongly broadened at low temperatures,
ner effects clearly deduced from the typical curves obtainedmainly due to a charge density wave occurring in the guO

A. Susceptibility measurements
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FIG. 5. 535%Cu(1) NQR spectra at 300 Ka) and 4.2 K(b) in
Pr,Ba,Cu;O; (open circlesand in YBgCu;O; (filled circles. The
origin of the vertical scale of the Ba,Cu;O; spectrum at 300 K is
shifted up for clarity.

For the assignment of the lines and for the discrimination
between C(l) and Cy2) sites we will use a systematic com-
parison with the spectrum observed in the isostructural su-
chain below 120 K, as reported in a previous papen an  perconducting LagBa; .CusO,. 5 compound T.=48 K),
earlier study, Nehrkeet al° reported a large®®®Cu(1)  where the C(L) site environments are similar and where
NQR linewidth, constant between 4.2 K and 25 K, and at-superconducting G@) sites exist. The L& ionic radius is
tributed this effect to crystallographic disorder. Our measureglose to that of F¥" and its substitution on Ba sites is
ments at 300 K however, show that at higher temperaturesupposed to induce the same perturbation on the charge res-
the ®35Cu(1) doublet is better resolved. This makes poservoir layer as in RrsBa, .Cu,0, 5. Furthermore the non-
sible a safe comparison to be made between Pr-123 and otheragnetic character of the La sublattice simplifies the spec-
RBa,Cu;0, compounds R=Rare earthf’ The value ob- trum analysis as any extra transferred hyperfine field on the
tained for the quadrupolar frequenc?fléQ=21.36 MH2 is  Cu(l) sites is excluded. We will also use the reference of the
not very far from that observed in theBa,Cu;O; com-  Cu(l) and Cy2) spectrum in YBaCu;Og.,, (Refs. 16 and
pounds with small rare earth ions like YB2u;0;. This  19) and in LaBaCuyOg, 4,22t where Cil) sites having
might seem contradictory with the dependence of thélCu different oxygen coordination have been studied in detail by
NQR frequency on the ionic radiusof the rare earth, ob- NQR. In YBaCu;0q. « the oxygen coordination dependence
served by Lutgemeiegt al?® as Pr presents a larger value of on the NQR frequency for the Cl) is the following: 30.1
r than Y. We must in fact recall that in PrBauO; the  MHz, 24 MHz, and 22.05 MHz for the Cu(4) Cu(1);, and
distance between the different Cu-O layers are severelgu(1), sites, respectively, where the subscript denotes the
modified by the Pr-@,3) orbital hybridization and this leads number of oxygen coordination. Furthermore, the Cuy(1)
to a similar crystallographic environment for the (Cuat-  sites present a longer spin lattice relaxation time than the
oms in Y-123 and Pr-123 systems. Following this remark,Cu(1); and Cu(1) sites. The NQR results obtained by Goto
the NQR frequencies observed confirm that the chain dopingt al?! in the LaBaCu;Og., System are also of particular
in PrBaCu;0; and in YBgCu;O; is similar, bearing in interest for our analysis as the substitution of Laon on the
mind that®*vq for Cu(1) is very sensitive to the hole density Ba sites was always present in all of their samples and was
in Cu-O orbitals. This result is in good agreement with otherindependent of the oxygen stoichiometry. An extra set of
studies?*? using different techniques. lines, not observed in the other R-123 systems, is present in

) ) their spectrum even fok=7.06 at the frequencies of 33
2. NQR spectrum in the substituteBr; ;Ba; .Cu0;. s Sample MHz and 30.50 MHz for the twd38Cu isotopes, respec-
(x=0.3) tively. These lines could be associated to(Zusites just

The 35%Cu NQR spectrum observed at 4.2 K in the par-above a C(L) site surrounded by oxygen atoms on thé0O
tially Ba/Pr substituted REBa, .Cu;0;., s Sample is shown  sites(along thea direction .
in Fig. 6. It is highly broadened, and ranges from 17 MHz to  The copper NQR spectra of Lg8a Cu;O;. 5 obtained
40 MHz revealing new sites when compared to the previousit 4.2 K and for two different repetition times in the spin
spectrum of PrBgCu;O;. Moreover, the high frequency ex- echo sequence, are presented in Fig) @nd 7c) together
tension of the spectrum beyond 30 MHz is unusual foflCu with a typical spectrum of LaB&£uwOg o3 reported by Lir
sites alone and poses the question of the presence of metalfiemeieret al?%In the La gBa; .Cu;0;., 5 Spectrum, obtained
Cu(2) sites despite the fact that an antiferromagnetic order isising a slow repetition rafé=ig. 7(b)], a line appears at 30.2
observed in the CuQplanes. A natural consequence of this MHz which is not present when a fast repetition rate is used
magnetic ordering is that most of the @usites must appear as in the spectrum in Fig.(@). The same feature was typi-
at higher frequencies between 80 and 120 MHz due to theally observed for YBsCu;Og 5 and reveals the presence of
characteristic local internal field. Cu(1), sites where @) neighbors are missing and with
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copper atoms in the @&° configuration. The absence of a Lar.0 T ('a)
magnetic moment on these copper atoms is responsible for (from ref. 20)

the long spin-lattice relaxation rate measured at these sites.
The presence of these Cuglgites shows that the substitu-
tion of an L&" ion on the Ba sites introduces a large disor-

der in the Cu-O chains and that the number of oxygen atoms 2 cut) cu@)

on the Q1) sites decreases by a large amount. The higher § —_——
frequency range of the spectrum between 26 and 37 MHz g La1.3 5.‘5 w,  (b)
observed using a fast repetition tini25 mse¢ can be as- o | 280 meee Far
signed to the C(2) sites where copper atoms are in th#’3 =] . ;‘ ' -
configuration. The dominant characteristics of the spectrum 5 e, o \

is the overlapping of different lines corresponding to several % _,_.-' ,.-""l '.‘
Cu(2) sites with a maximum of amplitude near 32.5 MHz. It <| - w .
is likely that this frequency corresponds to the extra peak g ' '

observed in the Q@) site spectrum of the LaB&u;Og, o 't'a:=235 msec

system withx=6.93 [see Fig. 7a)] and x=7.06%! when
compared to the YB#& u;0O, compound. It can be tentatively
attributed to C(R) sites just above Q) sites surrounded by
oxygen in the @) site which are present in LaBau;Oy; 5. ,.—*" -
The best fit of this part of the spectrum, obtained using
Gaussian line shapes with the appropriate ratio for the am-
plitude and the frequencies corresponding to the two Cu iso-
topes is shown in Fig.(?). A set of weak®*Cu-*Cu reso- FIG. 7. 836%Cu(1) and C(2) NQR spectra at 4.2 K respectively
nance at 26.5 MHz and 28.6 MHz overlaps with a strongeiin (a) LaBaCu;Og 93 (Lal.0 from the data of Ltgmeier et al.

set at 32.4 and 30 MHz and a sharp set at 35 and 32 MHZRef. 20, (b) La; Ba ;0,5 (Lal.3 with a pulse sequence
These three subsets of lines correspond t(2Lsites above repetition ratet, =250 msec, andc) La; 3Ba; .CusO7, 5 With t,=

Cu(1) sites with different oxygen environments that we can25 msec. The solid line represents the fit of the part of the spectrum
tentatively assign to Cu(3}) Cu(1) with oxygen neighbors assigned to tht_a (IB_) sites(see textand dott(_ad lines shOV\_/ the three

in the Q(5) sites and Cu(L) It is not possible, through this Sets of Gaussian line shapes corresponding to®#8&Cu isotopes
indirect effect on the structure of the (i spectrum, to go  for the three unequivalent ) sites.

into more details on the possible configurations of the

Cu(1), and Cu(1} environment in the presence of oxygen The NQR spectrum of PgBa; ,Cu;0-, 5 Obtained using
atoms on the @) sites[like Cu(1), with two O(4), one 1) a fast repetition rat€25 mseg is represented in Fig. 6. Its
and one @b) oxygen neighbors and Cu(d ith two O(4),  analysis is now easier in light of the previous investigation
two O(1) and one @) oxygen neighbors Nevertheless, the on La, iBa; ,Cu307, 5. The low frequency part correspond-
amplitude of the lines set at 32.5 MHz and 30 MHz is con-ing to the 31° Cu(1) sites is quite similar for the two com-
sistent with a strong occupancy of thg5Dsites. The low pounds and reveals the presence of Cy(1¢u(1l), and
frequency part of the spectrum 20—26 MHz corresponds t&€u(1)s sites, the latter being surrounded by oxygen atoms in
Cu(1) sites with copper in the & configuration. A large the Q5) sites. This indicates that B4 and PP substitu-
broadening with several lines overlapping each other is obtions on the B&" sites induce a similar disorder including a
served in contrast with the €l respective line shapes ob- charge compensation by(& oxygen sites occupancy. The
served in LaBgCu;0; o5. The poor resolution of the spec- absence of shift and of additional broadening in the€1Cu
trum due to the extreme sensitivity of the (@QuEFG to  spectrum of the Pr compound compared to that of the La
structural disorder does not allow the identification of thecompound, indicates that no hyperfine field is transferred due
different oxygen environments for the (i sites. This to magnetic P¥" ions even at low temperature. Such a field
broad spectrum is however consistent with the presence afould be present if any local magnetic order was effective
three different C(LL) sites corresponding respectively to the on the substituted Pr sublattice .

three sets of C(@) lines at higher frequencies. The larger  The higher frequency part of the spectry#6—38 MH2
weight observed in the LaBa, .Cu;0; ., s spectrum around is the most remarkable result of those measurements as it
23 MHz when compared to the LaBau; 0O, os spectrum can  shows the presence ofi8 copper on the C@) sites of the

be explained by &3Cu-°Cu line set corresponding to the CuQ, planes which are largely dominated by AF order with
contribution of Cl) sites surrounded by ®) oxygen at- Ty=285 K. The frequency range of the§&%Cu nuclei is a
oms. Finally the comparison between the copper NQR spealear signature of metallic copper among the(Zusites.
trum of LaBaCu;O; g5 and of Lg Ba; L0, 5 evidences Indeed their frequency range is compatible with the different
the increasing occupancy of(®) sites withx in the chain  site assignment made in L@8Ba; .Cu;O; . 5 for the supercon-
layers. It is also interesting to note that when the crystalloducting Cy2) lines. The low signal to noise ratio did not
graphic structure changes from orthorhombic to tetragéhal, allow a significant measurement of the spin-spin relaxation
the CY1) and Cy2) lines shift in opposite directions, which time in order to give a safe estimation of the relative weight
is consistent with the respective evolution of the(GQuO(4) for the sites occupancy. However, a comparison of the NQR
and Cy2)-O(4) distances. signal intensitiesin the 32—36 MHz frequency rangm the

18 20 22 24 26 28 30 32 34 36 38
FREQUENCY(MHz)
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FIG. 8. (8 **®Tu(2) zero-field NMR spectra at 1.8 K in dashed-dot curves represent respectivelydhghase ang3 phase

Pr,Ba;Cu;0;. Dashed curves correspond to quadrupole-split®363cy jines, simulated with parameters given in Table II. The solid
636%Cu lines, simulated with parameters given in Table I. The solidiine displays the whole spectrum.

line displays the whole corresponding spectrufim. $35%Cu(2)
zero-field NMR spectra at 1.8 K in Ba,Cu;Og 9; the solid line is

. . T the low valueH;,;=53— 63 kOe has been reported by many
simulated with parameters given in Ref. 30.

authors®3%33 for PrBa,Cu;,0O,. The AF states in PrBa

- Cuz0; and in YBaCuOg are very different. It is likely
2 7 6
Lay B2 LU0y, 5 and PisBay LU0y, ; samples gives a Jdhat the hole localization models for PrE2u;0; explain

rough estimate of the superconducting fraction of 2%. This, .~ . . .
small fraction is in agreement with the order of magnitudethIS dlfferenc_e: Furthermore, this rules out the hypothesis of
a pure hole-filling mechanism by $r, as one would expect

deduced from the susceptibility measurements. the same AF ordering as in YBAU,O, in this case.

As emphasized by Nehrket al,*® there are significant
differences between the various zero-field NMR spectra re-
1. The magnetic Cu(2) plane sites spectrumBrBa,Cu;0;_; ported by many authors for PrBau;O,. Assuming a low-

as a function of & ering of Pr point symmetry, Nehrket al. deduced two types

Before investigating the enhanced Pr substitution effect irﬁ'c Cu(2) site in PrBaCus0s. 5. They used two different
Pr, Ba, ClO,. 5, We have carefully studied the zero field yperfine fields values to fit their data, as shown in Table I.
NMR sbectrum of the stoichiometric compound=0) with lt:leverthelehs_s, they Werr]e ncg[ ahble todr_n_ake Ia clear d'.St'nCt'fon
a particular attention concerning the role of the oxygen con- etween this approach and the traditional assumption of a

- ; - i Cu2) site. Our spectrum obtained in a fully oxygen-
centration upon the magnetic AF order in the Gyilanes. unique
Figure 8 shows the zero-field NMR spectra of theDsites ~ ated sample PrB&u;O; does not reproduce the feature of
in PrBaCu;0; (A, fully oxygenated and PrBaCu;0y ¢ 9
(B, oxygen depleted whereas Fig. 9 presents the results in
Pr, Ba; Cu05, 5. In the case of copper with a nuclear spin
| =3/2, six peaks are expected in the zero-field NMR spec

C. 53%%Cu zero-field NMR

TABLE I. Cu(2) hyperfine fieldH;,, nuclear quadrupole fre-
quency63vQ, and angled between thec axis andH;,,, extracted
from zero-field NMR data in YBa,Cu;Og, GdBgCu;04, and in

trum resulting from the quadrupolar splitting 6fCu and PiBaC0s 5.

®Cu Zeeman levels. These lines generally overlap eacBmpie Hi (KO8 %y (MHz) 6 (deg Reference

other, with amplitudes and frequencies that depend on the

relative values oH;,; andvg, and at most six well resolved YBa,CusOq 79 22 90 16

peaks are obtained. GdBgCw,Oy 76.7x1.5 25 90 30
In the fully oxygenated PrB&€u;O; sample[Fig. 8a)], PrBa,Cu;Oq 78 13-16 75-90 15

the fitting of the spectrum to the hyperfine parametétey,  PrBaCuOq 73+3 4-15 90 30

Hi., and ) was made assuming that the (@uvalue of the 85+3 4-15 90

EFG asymmetry parameter was equal to zero, as in previ- PrBaCu;0;, 59 18-20 75-90 15

ous studies in PrBaCuzOg 5. We obtainedH; ;=63 kOe,  PrBgCu,0;, 65+ 2 17.2-15 78.8-1.1 33

which agrees well with a previous study by Regal® It prBa,Cu,0, 53+3 ~12.7 90 Ref. 30

is interesting to compare this value with those reported in the 65+ 3 ~12.7 90

literature forRBa,Cu;Og., 5 (see Table)l In the case of the Present

insulating compound PrB&us;Og, the usual value is similar PBaCwO;  63+1 14551 755 work

to those reported for YB&Eu;05 (=80 kOe. In contrast,
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TABLE II. Cu(2) zero-field NMR parameterl,;, ®*vg, 6, and Cu lines FWHM, for the « and 8

phases in Rr;Ba; Cu07, 5.

Sample H, (kOe %4 (MH2) 6 (deg I' (MHz)
Pr, Bay CUOy . 5 PHASE 60+ 1 13,551 75+5 3.75-0.25
PHASE 8 73+1 9.5+1 805 3.0£0.25

two different Cy2) sites, and only one hyperfine field was where eqy; is the lattice contribution to the EFGA(is a
used to simulate it, as in previous studies by Yoshineira scaling factor related to the Sternheimer antishielding fac-
al.’® and Reyeset al3® Suspecting some significant differ- tor), and B is an on-site contribution due tod3electronic
ences between the samples due to variations in the conditiomsbitals of the Cu ion. From their calculations, Yoshimura
of synthesis, such as the degree of Ba substitution by Pr @t al. claimed that the scaling factoh was the same in
the oxygen stoichiometry, we studied the zero-field NMRYBa,Cu;0q., s and PrBaCu;Og., 5, but that the on-site con-
spectrum of a slightly oxygen-depleted sampletribution B was markedly different in the two structures. In-
PrBa ,Cu;0,_g9. We obtained a spectrufisee Fig. &)]  deed, the C(2) quadrupolar frequency is anomalously low in
that is very similar to that reported by Nehrkeal, and we  the Pr-123 structure, compared to the Y-123 system. The
simulated it well using the parameter values given in theircontribution of the Cu wave function to the quadrupole in-
paper’ This result calls for a careful analysis of the zero-teraction was found to be reduced in the Pr system, which
field NMR data in nonstoichiometric samples, and demonwas related to Pr-O-Cu hybridization and to in-plane hole
strates that chain structure and defects strongly affect thiecalization. In the particular case of,;RBa; .Cu;07, 5, we
magnetic ordering of the Cu(planes. found for the two phases respectiveﬁ@ug= 13.5 MHz and
63§=9.5 MHz. Thea phase value is roughly the same as
that we give for PrBgCu;0; (®*vg=14.5 MH2, whereas

In the Py gBa .C,0O, 5 zero-field NMR spectrum the smallerg value is consistent with a local EFG similar to
shown in Fig. 9a), the line shape displays an unusual struc-the PrBaCu;Og situation.
ture, with seven well-resolved peaketween 45 MHz and In conclusion, the zero-field NMR spectrum in
110 MHz. No consistent solution to fit this line shape with Pry Ba; Cus07 . 5 gives evidence for a phase separation in
only one set of hyperfine parametéts,, est’ andg was the sample. Some @) sites are located in domairithe «
found. We conclude that there are two types ofZsites in ~ phas¢ where the hyperfine parameters are similar to that
our sample, with different hyperfine field parameters. At thisfound in well-ordered PrB&u;0,, whereas a second phase
stage, it is important to rule out the possibility of a parasitic(the 8 phasg reflects the existence of domains reminiscent of
phase in our sample. We therefore measured the nucle#ie CuQ planes in nondoped PrB@u;Og.
spin-spin relaxation rate at 1.8 KFig. Yb)], and found a
roughly constant value in the whole frequency rangé&, 1/
=54+2.5 kHz. Thus, our results exclude the impurity hy-
pothesis agi) all the nuclear spins are connected by the same A common feature reported in the previous studies on
spin-spin interaction (T7, is constant (i) we detected no nonstoichiometric R;,,Ba,_,Cu07,5 Systems (with
parasitic phase in the x-ray diffraction pattéwith a typical R=La, Nd, P} is the disorder present in the chain layers and
threshold of 1% and (iii) the relative amplitudes of the the occupancy of () interchain sites. Though the observed
peaks are not consistent with such a phase, as one woulliperconducting state in this study &= Pr is anomalous,
expect a smaller amplitude for the parasitic phase peaks. Wie mechanisms which perturb the crystallographic structure
therefore used two sets of hyperfine field parameters to fiind the chain to plane hole transfer are similar whatever the

2. The magnetic Cu(2) plane sites in PBa; Cus074 5

V. DISCUSSION

our data:H®,, %%g, and #* for the low frequency part of
the line shape andf;, %34, andé” for the high frequency
part, the labelsr and 8 referring to the two distinct magnetic
phases. The parameters of iln@hase(see Table ll are very
close to those we reported for,Ba,Cu;O; while those of
the B phase are closer to those reported fofBRsCu;Og in
other studies.

rare earth element is. In this context it is important to care-
fully compare the case of La,Ba ,CuO,,s and

Nd; ; sBa,_,Cu;0., 5 Systems where the B&R3" substi-
tution depresses the superconducting properties, with the
case of Pr, ,Ba_,CuO;, s where a small superconducting
fraction appears as a function of the substitution raté/e

will discuss our results on the latter compounds in the light

Another key parameter for the understanding of the in-of the information available on the former compounds, and

plane electronic state is given by the(@uquadrupolar split-

we will show that the same basic mechanisms are to be con-

ting, deduced from the fit of the zero-field NMR spectra.sidered.

Yoshimura et al.'® compared the %%, found in

PrBaCu0q. 5 for 6=0 and =1 with g in other

RB&a,Cu;04 ., s Systems. To analyze their results, they used
the simple phenomenological model proposed by Shitfjzu

in which

vo=Aequ+B,

(6)

A. Structural effects due to the R substitution
for Ba®* in Ry4.Ba,_,Cu307, 5 (R=La, Nd, and Pr)

The substitution of trivalenR ions on the Ba sites is
particularly important in thdRBa,Cu;O; cuprates when the
rare earth atomic radius is large as in the case of La, Nd, and
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Pr. For these three rare earth based compounds, the structugdl the synthesis conditions of th&®;,,Ba,_,Cu;07., 5
changes observed by x-ray and neutron diffraction measurgamples which govern the(B) site occupancy and the sta-
ments as a function of are similar and show a progressive tistics of the distribution of the substituted Ba sites. With
reduction in the orthorhombicity of the structure due to therespect to the last point, a tendency for there to be a pairing
O(5) sites occupanc§”>*?%*An orthorhombic to tetragonal  of substituted Nd on adjacent Ba sites was noted by Kramer
transition arises for substitution ratedetween 0.1 and 0.2. et al3® in Nd, . Ba,_,Cu;0;, 5. Using electron diffraction

For a moderate substitution rate, according to the chemicayhich provides a high degree of spatial resolution, they have
bonding in the chain layers, the extra oxygefi Qons oc-  shown that forx>0.25, an increasing number of substituted
cupying the @5) sites prevent the charge unbalance genernd atoms were adjacent to other substituted Nd atoms. This
ated by the trivalenR®*" ions on the B&" sites. Neverthe- situation keeps a local charge balance with one O on the
less, for large values of, the charge balance is no longer intermediate @b) site and increases the number of fourfold
preserved as the excess of oxygen saturates: the copper chatibrdinated Cu’s on the chain which governs the charge
valence is therefore modified. transfer. For a given substitution rate, these parameters
strongly depend on the sample preparation conditions such
as the temperature or the oxygen partial pressure. As an ex-
ample, Salluzo etal® observed a T,=90 K in

Nd; 1 Ba; g0, s when for the same substitution level,
Krameret al® claimed aT, value of 50-60 K.

B. Effect of La®* and Nd®* substitution for Ba2*
on the charge transfer and the superconducting
properties in La;4+,Ba,_,CuzO74 5
and Nd,+,Ba,_,Cu;07, 5 Systems

When La and Nd are substituted for Ba in the
Ri.yBa_Cu;0O;, 5 system, theT. is smoothly depressed
for x<<0.2 and decreases with a larger slew ratextei0.2. A
large reduction in the screening fraction is also observed as  Our NQR data on the QM) chain sites in PrBaCu;0O,
increase$? The last point clearly indicates that the corre- show that the doping of the chains and consequently the
sponding superconducting state is inhomogeneous. For largharge transfer are the same as for Y8a0,. The major
values ofx the T, diminution is well understood as arising difference with this last compound is the hole localization
from a hole-depletion due to the charge unbalance generatebrough Pj¢-O,,, orbitals hybridization. This hybridization is
by R®"/Ba* substitution. Nevertheless, for moderate valuesmainly oriented along the-axis (chain direction as shown
of x, this simple picture fails to consistently account for thein PrBa,Cu;O; orthorhombic samples by neutron diffraction
decrease i, and in the screening fractions. To illustrate studies® and NMR measurements of the electric field gradi-
this point, if we consider the oxygen conteifx)=7-+5in  ent at the oxygen plane sitds.

Nd; ;,Ba _,CusO;, s deduced from the data of Kramer  The Cyl) NQR spectrum evolution which is observed in
etal,”® a simple application of the charge balance rulesPr, sBa; LCu;0;, 5 confirms the disorder introduced in the
would give forx<<0.3 a plane hole-doping quite constant andcharge reservoir layer by the (& site occupancy as in
therefore a value of, roughly unaffected® A better under-  La; Ba; .Cs O;. 5. The implications of this disorder on
standing of theT, variation withx is achieved, taking into the magnetism of copper in the Q) plane sites are probed
account the local inhibition of the charge transfer by theby the %35%Cu zero-field NMR spectrum. This data shows
disorder introduced in the charge reservoir layer. For smalthe coexistence of regions without hol@s in PrBaCu;Og),
values ofx, the degree of disorder is weak and the chargavith regions in which the holes are localize@s in
balance is preserved by the presence (B)@xygen atoms. PrBaCu;O;). The first ones are correlated to the presence of
Such a situation corresponds to a smoothly reduced value @f strong perturbation in the charge reservoir and the last ones
T, as observed experimentally in L#a; LU0, s (Ref.  to clusters where the CuCthains are unperturbedle., the

35) and Nd ;Bay gfCUsO7, 5, whereT.=90 K. For higher  charge transfer is not depresseBurthermore, the observa-
substitution rate values, the disorder increases and the valdien of a small superconducting fraction by DC SQUID mea-
of the excess of oxyge# saturates: as a result, the chargesurements and the presence of superconductin@)Gites
transfer between chains and planes is locally suppressed, detected by NQR, indicate that regions where holes are mo-
the vicinity of the most strongly perturbed chain sites. Thebile also exist.

simultaneous reduction in the screening fractions and in the Let us now discuss the mechanisms which could explain
T. reported by several authors is therefore better explainedhe presence of such mobile holes in the Gylanes. Two
considering a progressive growth of insulating areas insidéundamental points are to be considered in a crude phenom-
the superconducting planes rather than taking into accountenological approach. The first one concerns the presence of
simple homogeneous decrease in the hole doping. The fraen effective charge transfer from chains to planes. This
tion of these insulating areas which corresponds to local pemechanism is essentially governed by the presence of four-
turbations of the charge reservoir increases witland the  fold coordinated copper atoms in the chains and is perturbed
superconducting regions become coupled through weaky oxygen vacancies on thg O sites and by the presence of
links. This situation is similar to that described by Muroi uncompensated oxygen bonding of6{sites. The breaking

et all*in the Y1 xPrBa _ySr,Cus0; system and results in - of the Pi¢-O,, hybridization is the second important point.
an inhomogeneous character of the superconducting stat€his orbital bonding which localizes the holes depends on
The systematic decrease in Meissner fraction with increasinthe Pr-G2,3) atomic distance and also on the local ortho-
x reported by Krameet al®in Nd,,,Ba,_,ClsO;, s sup- rhombic symmetry. In the framework of these two con-
ports this picture. Finally we must point out the importancestraints we propose two phenomenological explanations for

C. Effect of Pr3* substitution for Ba?*
on the charge transfer in Pr;;,Ba,_,CuzO074 5
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the existence of mobile holes in tlxe=0.3 sample. In a first If we assume the validity of the mechanisms proposed in
general approach, if we considdry analogy with the case of the previous section with respect to the origin of mobile
La,,,Ba_,Cu0,, 5 and Nd.,Ba_,Cu0,, ;) that x  holes in the Cu@ planes, a last step to understand the sig-
=0.3 is slightly over the limit of a moderate substitution ratenature of the diamagnetic signals observed by DC SQUID
(x=0.2) for which theT. depression is not drastic, the pres- m.easgrements concerns the statistics of the _substituted sites
ence of undisturbed chain segments where the charge trandith different Pr environments. The observation by Kramer
fer is fully effective becomes highly probable. Furthermore®t @, using electron energy loss spectroscopy, of a tweed
near the frontier of the orthorhombic to tetragonal transition Pattern in a Ndag8ay ;0. 5 sample, suggests the pres-

! . b .
a local decrease in the orthorhombic symmetry in the bas&ince Of a local ordering of the substitutBd” ions in these
plane could delocalize the holes in the,EL,2-Os, orbitals. systems. Such a tendency to segregate into clusters for the

We must here emphasize that a natural consequence of tﬁgpstitutedﬁg sites by. Pr ingrease; the proba_ibility of finding
Ba?*/Pr** substitution is a variation in the positions of the adjacent PY" ions forming pairs. It is worth noting that clus-

. : . tering must produce fivefold copper atoms in thg Jsites,
nelghbor§ @) and. Q4) atoms around the substituted S'.te' A a feature which was observed in our NQR spectrum. The size
further microscopic approach can be proposed considerin

. . . gf these clusters is dependent on the degree of local struc-
the pairing occurrence of adjacent Pr atoms substituted O, o gistortion. There is however a limit to the distortion that
Ba sites on both sides of ngganes as observed ex- can pe obtained before the structure becomes instable. Nev-
perimentally by Krameret al™ for Nd atoms in  grtheless, when their dimensions reach the critical value cor-
Nd, . xBa,_,Cu3O7. 5. This situation keeps the fourfold co- responding to several time the superconducting correlation
ordination of copper in the Gl site surrounded by the two |ength, a superconducting state can be present. Of course, the
adjacent Pr atomés explained in the previous section for mechanisms involved in this phenomenological model are
Nd atoms and locally increases the distance betweefi®®r  very sensitive to the synthesis conditions as the process tem-
cated inside the CufObilayers and the @2,3) oxygen at-  perature, the @partial pressure and the details of the anneal-
oms. This local distortion of the structure contributes to ajng treatments.
decrease in the BrO,, hybridization. As regard to the mechanism of phase separation in cu-
In summary, the three following situations could be prates, the coexistence of magnetic and superconding orders
present for the copper environment in the chaiilsthe Ba  and the interplay between local structural distortion and the
site is not substitutedji) the Ba site is substituted by aPr presence of the Superconducting clusters observed in
ion with an extra oxygen atom on the(®) site; (i) two Ba  pr, Ba, ,Cu;0,, s present a great interest. There are obvious
sites adjacent to a Q1) site are substituted with a single sjmilarities with the physics of phase separation actively in-
extra oxygen atom on the(®) site. In the first two cases, vestigated in lanthanum cuprat®s*3In these systems were
independent of the chain to plane charge transfer existencg, substantial fraction of the doped holes localize in guO
the Py-O,, hybridization is active and prevents any mobil- pjanes, a relationship between ordered phase sepathkien
ity for holes in the Cu@ planes. The last case could corre- stripeg and structural features that pin these objects have
spond to the coexistence of an active charge transfer and thgsen demonstrated. Nevertheless, insBa, -CusO-. 5 the
inhibition of the Pr-O hybridization. spatial order and the size of the different domains corre-
sponding to thew, B, and y phases remains to be investi-

) _ gated in more detail before going further in the comparison.
D. The formation of superconducting clusters

in PryyxBa,_,CuzO74 5

If we compare our experimental results with the data in
substituted R-123 systems wikk=La and Nd, some of the
features that are observed are similar as to those of the ortho- The main result of this investigation is the microscopic
rhombic to tetragonal transition for a critical valueobnd  evidence that the small superconducting fractions observed
of the phase separation which takes place in the LCuObelow 90 K in the Py, ,Ba,_,Cu;0;, 5 system are induced
planes, but a strong divergence appears on the evolution dfy the local structural change associated with the substitution
the T, as a function ofx. All the superconducting fractions of Ba by Pr. We have focused our study on the sample with
observed in our Rt ,Ba, ,CuwO;, s samples present &,  x=0.3 for which the superconducting fraction was maxi-
=90-80 K with a sharp diamagnetic signal. This excludes anum. From copper NQR measurements we show that the
percolative nature of the superconducting transition as imole doping of the chains and the charge transfer between
granular systems where tig and the width of the transition chains and planes is similar for YBau;O,; and the nonsub-
depends on the weak link bonding. stituted compound PrB&u;O,. The copper chains i)

For a moderate substitution rate, a phase separation on tiNQR line shape obtained for PBa; ,Cu;0;. s which
microscopic scale takes place in the Gu@lanes of spreads over a wide frequency rangetween 19 and 30
Pr.«Ba,_,Cw0O;, s systems with a statistic distribution of MHz) provides evidence for the disorder introduced in the
three characteristic regions which we label respectively ( CuO; chains by oxygen vacancies and the oxygen interchain
in which localized holes exist,d) without holes, and ¢) sites @5) occupancy resulting from the B&/Pr™" substitu-
where mobile holes reside. For high substitution rates, théion. At higher frequencies, in the 30—-39 MHz frequency
charge transfer is totally inhibited by the large disorderrange, a tiny signal associated with metallic copper on the
present in the charge reservoir and the guytanes remain CuGQ, plane Ci2) sites is detected. A comparison between
completely insulating. the zero-field NMR spectrum of magnetic @ sites in

VI. CONCLUSION
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PrBa,Cu;0; and Py Ba, Cu;0;, 5 reveals that B& /PR* in the existence of such clusters when their size reaches a
substitution leads to the existence of two magnetic phase#reshold value corresponding to the existence of several el-
the @ phase with localized holdgs in PrBaCu;0;) and the  ementary Cu@cells. Further experiments are needed to pro-
B phase without holes presdlais in PrBaCu;Og). The com-  vide a deeper understanding of the nature of this defect-
bination of these results are discussed in terms of a phaseduced superconductivity, such as varying the oxygen
separation which takes place in the Gu@anes with a sta- stoichiometry and the synthesis conditions of the samples.
tistic distribution of three characteristic domainst)(in

which localized holes are preseng)(where no holes have

been transferred from the chains, ang presenting mobile

holes. The presence of mobile holes is phenomenologically ACKNOWLEDGMENTS

interpreted as resulting from a tendency for th&*Psubsti-
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