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NMR study of magnetic and nonmagnetic impurities in YBgCu,Og
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We report®®Y and 'O NMR measurements on YB@u,0g doped with Ni and Zn impurities to investigate
the effect of magnetic and nonmagnetic impurities on superconductivity and on the normal state. We find that
Zn induces extra NMR peaks in both tA% and 1’0 NMR spectra attributed to nuclei near the Zn impurity
while the Ni moment washes out the NMR signal from nuclei near the Ni impurity. 2{h&IMR shift from
89y sites nearest neighbor and next-nearest neighbor to the Zn impurity can be modeled in terms of a Curie-like
NMR shift from Cu sites adjacent to the Zn impurity. However, the temperature dependence of the NMR
linewidths and modeling of the NMR spectra are inconsistent with a commensurate spin-density oscillation
about a local moment induced by Zn or about the Ni moment. We find that the normal-state pseudogap is very
locally suppressed over a range of just one lattice parameter.

INTRODUCTION =150 K213 However, the susceptibility data indicate the
development of a Curie-like term associated with Zn for tem-
While high temperature superconductivity research haperatures less than 150 K. Measurements of'fiie NMR
been ongoing for over thirteen years, there is still controjinewidth on YBa(Cu;_,Ni,)O;_ 5 (Ref. 14 and®*Cu NMR
versy surrounding the effect of magnetic Ni and non-jinewidth on YBg(Cu, _,Zn)0,_ 5 (Ref. 19 samples have
magnetic Zn impurities in the cuprat&s. The underlying peen analyzed in terms of a commensurate spin density 0s-
antiferromagnetic correlations in the superconducting £uQgi|jation induced by the Ni or Zn impurities where the extent
planes makes the understanding of the effect of magnetic ang hjs oscillation is determined by the antiferromagnetic cor-
nonmagnetic impurities crucial for the development of theo~g|ation length. However, attributing the temperature-

ries to describe superconductivity in the high temperaturgysnengent NMR linewidths to a spin density oscillation has

superconducting cuprates. For example, it was observed thf"écently been questiondd

T. is decreased much more rapidly by Zn than Ni in : 17
. : . : In this paper we reporf® and 'O NMR measure-
YBa,Cu;0;_ s which resulted in Zn being described as & ents on YBaCu,_,7n)40s YBay(Cu,_,Ni,),05 and

superunitary scatter and Ni being described as a Bor .
scatteret. However susceptibility measurements on Zn andlil(BaZ(Cul*ZI\“yznZ*y)“O8 superconductors and address the

Ni substituted YBaCu,Og and Lg _,Sr,CuQ, show that Ni above issues. i i i
and Zn depress. by the same amoufi Furthermore, The underdoped YB&u,Os compound is an ideal high
muon  spin  rotaton  measurements(uSR)  on temperature superconductor for investigating the effect of

Y,_,Ca(Cu,_,Zn);0;_s and La_,SrCu,_,Zn,0, have |mpu_r|t|es_ becaus_e, unlike YBBuO,_ s, it is stoichio-
clearly shown that Zn is a unitary scattérir both the under Metric with a fixed oxygen content. In underdoped
and overdoped regions. This discrepancy may be triviallyYBa;CusO;_ s with a hole concentration similar to that of
due to Ni only partially substituting for Cu in the CyO YBa,CuOg, the effect of oxygen disorder is to asymmetri-
planes of the YBsCu;O,_ 5 superconductot®!! cally broaden the NMR resonance. We show below that the
The effect of these substituents on the normal-state prop¥Bay(Cu, ,Zn,),05 %Y NMR spectra contain three peaks
erties is equally confusing. Previod8Y nuclear magnetic similar to those observed in YB&u, _,Zn,)Og ¢4 and that
resonanceNMR) measurements on YB&u;_,Zn,)O,_s 'O NMR spectra are consistent with a Curie-like contribu-
have been consistently analyzed in terms of a Curie-like contion from Cu sites nearest neighbor to the Zn impurity.
tribution from the Cu sites nearest neighbor to the ZnHowever %Y and 'O NMR measurements on
impurity.? This Curie-like contribution was attributed to an YBay(Cu, _,Ni,),Og indicate a significant broadening from
induced local moment observed i8R (Ref. 6 and suscep- 8% and 'O near the Ni impurity and a broadening compa-
tibility measuremenftson YBay(Cu, _,Zn,);0,_ 5 and exist-  rable to that of Zn for sites away from the Ni impurity. The
ing up to, and above, room temperature. However, recentosubstitution of Zn and Ni clearly shows that the dramatic
uSR measurements on a series of Y®ay ,Zn,),Os  decrease i, is not related to magnetic moments or a local
samples with different Zn contents found no evidence for arsuppression of the antiferromagnetic spin correlations. Fur-
additional local moment induced by Zn which is discerniblethermore, the results are inconsistent with a commensurate
above the background.Susceptibility measurements on spin density oscillation about either the Zn or Ni substituent
good-quality YBa(Cuy,_,Zn,);0;_ s samples indicate that with an extent determined by the antiferromagnetic correla-
there is no local moment induced by Zn for temperaturegion length. Our results indicate an urgent need to reassess
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theoretical scenarios based on Zn and Ni substitution in the
superconducting cuprates.

EXPERIMENTAL DETAILS

YBay(Cu, _,Zn,) 4O, YBay(Cu; _,Ni,) 404 and
YBay(Cu, _,Zn,;»Ni, ) 4Og ceramic samples were synthe-
sized from a stoichiometric mix of Y03, BaNO,),, CuO,
NiO, and ZnO after decomposing in air at 700 °C for 1 h.
The samples were sintered in 60 barsa 930 °C for 6 h,
940°C for 24 h, and 940°C for 48 h. The
YBay(Cu; _,Ni,) 405 and YBa(Cu, _,Zn,,Ni, ) 405 Samples
were sintered for a further four times at 940 °C for 48 h to
ensure complete impurity homogeneity. X-ray diffraction 0 s s
(XRD) measurements showed no evidence of impurity 000 001 002 003 0.04
phases. AC susceptibility was used to measurdthealues. z

Samples for'’0O NMR were 'O exchanged in 10%’0
enriched @ at 700 °C for 6 h. The samples were then mag-y g
netically aligned &1 T in f’iresin and the al_ignments WEre vpa (Cu ,Ni.),O, (open up trangle (Ref. 9. and
confirmed by XRD. Thg alignment was required becatige YBaz(Cui,iNii‘lZni,z)‘,((): (filled Eircle). Inngzt: Plot of T, against
has a =5/2 nuclear spin and hence a quadrupole moment. "i]npurity concentratiorz for Lay gSh 1£Cly,Zn,0, (open down

t_he YBgCu,Oq powder the Zeeman and quadrupole interaC+riangle and La St 14Cu; - ,Ni,O, (open up triangle The solid
tions result in a broad NMR powder pattern while measurecyryes are obtained from the Abrikosov-Gorkov equation.

ments on crystals with the magnetic field parallel to the
c-axis result in well-defined peaks and four well-removedboth described as unitary pairbreakers in a superconductor
satellite peaks. with a d,2_,2 order parametet We show in Fig. 1 that the
0 NMR measurements were performed at temperature, suppression can be fitted to the Abrikosov-Gorkov equa-
from 100 to 300 K using a continuous-flow cryostat in ation (solid curve in a manner similar to that for
magnetic field of 8.45 T where theaxis was parallel to the Y;_,CaBay(Cu,_,Zn,);0;_ s samples. The more rapid re-
applied magnetic field. The spectra were obtained using thduction in T, in the case of YBgCu,Oq reflects the under-
90°--180° pulse sequence where the 90° pulse width was Boped state of this compourd®”
us. The time delay between each pulse sequeDge,was We first consider thé®®y and 'O NMR spectra from
varied from 50 msd 5 s toinvestigate different spectral YBa,(Cuy 950200179405 and show below that the data can
components with different spin lattice relaxation rates,be interpreted in terms of a Curie-like spin susceptibility
1A'T,. Small values ofD, saturate spectral components arising from only those Cu sites nearest neighbor to the Zn
with 1'T,>D,. The spectra were referenced tgQH impurity. It can be seen in Fig. 2 that tf&Y NMR spectra
8y NMR magic angle spinningMAS) measurements display three peaks with a temperature-dependent shift. Here
were made between 130 and 350 K and a rotor frequency afie presenf®y NMR spectra from YB&Cuy 9507 Mo 0179403
>2.5 kHz using a Varian Unity 500 spectrometer and anat (a) 132 K, (b) 192 K, (c) 220 K, and(d) 293 K. The
11.74 T superconducting magnet. The advantage of MAS iappearance of three peaks is consistent fitNMR mea-
that it can significantly reduce the NMR linewidth by reduc- surements on YB#Cu;_,Zn,)Ogses by Mahajan et al;?
ing the spin-spin broadening. The 98%80° pulse sequence however, the peaks are sharper in the impurity substituted
was used withr being set to one rotor period. The NMR YBa,Cu,04 samples because of the MAS technique and the

0.02 0.04

.05

FIG. 1. Plot of theT. against impurity concentratioa for
a,(Cuy_,Zn),05 (open down triangle (Ref. 9,

shifts were referenceata 1 M aqueous solution of YGI highly ordered state of this compound. The three peaks in the
8%y NMR spectra from YB&Cly g502ZNg 0179405 Shown in
RESULTS AND ANALYSIS Fig. 2 also have differerft®T; values as previously found by

Mahajan etal. from %Y NMR measurements on

We show in Fig. 1 thafl; is rapidly and equally de- YBa,(Cu, ,Zn,)Og¢s This is apparent in Fig. 3 where we
pressed by Ni, Zn, or Ni:Zn substitution in YB2u,0g. Here  plot 8 NMR spectra from YB&(Cuy 95,2 Mg 017940g at 133
we plotT, against Zn content for YB&Cu, —,Zn,) ,Og (0Open K with (a) D,=10s and(b) D,=60s. There is a significant
down triangles® YBa,(Cu,_,Ni,),Og (open up triangles’ change in the intensities of the satellite peaks relative to the
and YBa(Cu; —,Zn,,Nr,,)4Og (filled circles. This similar  central peak. We show in Figs. 2 and 3 that % NMR
behavior indicates that the pair-breaking mechanism does ngpectra can be fitted to three Gaussians line shéatseshed
depend on a Ni magnetic moment or a possible local supeurves. The resultant peak positions are plotted in Fig. 4 for
pression of the antiferromagnetic correlations about the Zihe main peak'open circley first satellite(open down tri-
impurity as previously suggested. We also show in Fig. langle$, and second satellitéopen up triangles It can be
that the equal depression ©f by Ni and Zn impurities isnot  seen from the inset to Fig. 4 that the linewidths consistently
limited to the YBaCu,Og compound but is evident also in increase when going from the main peak to the second sat-
La; _,Sr,CuQ,. This important result is little recognized in ellite peak.
the field and needs to be strongly emphasized. It is consistent The 8y NMR shifts from all three peaks shown in Fig. 4
with the interpretation ojuSR data where Zn and Ni were clearly have different temperature dependencies. We show in
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NMR Shift (ppm) expected spectrum if Zn induced a local moment on the Cu atom

N nearest neighbor to the Zn impurity and the induced local moment
FIG. 2. Plot of the YBAClo52ZM0.017940s *°Y NMR MAS 4150 caused a spin density oscillation as described in the text.
spectra at(@) 132 K, (b) 192 K, (c) 220 K, and(d) 293 K. The
dashed curves are fits to the data as described in the text. In the model of Mahajaet al.the NMR shift for the main
_ . . _ line, 8K, the first satellite,®K;, and the second satellite,
Fig. 4 that the®®y NMR shifts can be modeled in a manner 8% ,, can be written as
similar to that for YBa(Cu, _,Zn,)Og 64 by Mahajanet al.

with satellite 2 originating fronf®Y nearest neighbor to the 89K =8%K (+ &%, (28
Zn impurity, satellite 1 originating fronf% next-nearest
neighbor to the Zn impurity, and the main line originating 7 8¢
from all other®®Y sites. To show this, we first note that the 89K1=§ 8K o+ 7+89<T, (2b)
NMR shift as deduced from the Mila-Rich Hamiltoniman
be expressed &5 5 5 89
89 > 89 89
> A K2—8 K+ T +%0, (20
K=~ xot o, (1)  where ¥K, is the bulk Knight shift,®%C is the constant
9ks describing a Curie-like temperature dependenteds the

whereA, are the hyperfine coupling constariteegative for temperature, an@% is the temperature-independent chemi-
8%y), g s the Landdactor, ug is the Bohr magnetonys is  cal shift. We show in Fig. 4 by the dashed curves that(Ey.

the static spin susceptibility per Cu@lane unit, andris the  does describe the data. It should be noted that the inclusion
temperature-independent chemical shift. It has previouslpf only a Curie-like temperature dependence from the nearest
been shown thaf%K,, K, and ®*K all have the same neighbor Cu sites implies a very local suppression of the
temperature dependence and within the Mila-Rice model theormal state pseudogap. We usE  from YBa,Cu,Og for

8% NMR interaction is via transferred hyperfine coupling to the bulk Knight shift and a bulk chemical shift d°c

the spins on the eight nearest-neighbor Cu while 1f@ = =—165ppm. We note thaf% = — 165 ppm is within the
NMR interaction is via transferred hyperfine coupling to therange of experimental vall@s¢! and is the value de-
spins on the two nearest-neighbor Cu atoms. The temperauced from a recent study 8% and %3Cu NMR date? The

ture dependence of the NMR shift in underdoped cuprates isest fit is obtained with8C= (11900 1000) ppmK and
typified by the®®Y NMR spectra from YBaCu,Og plotted in ~ 8>=—153ppm from the nearest-neighbor site and
Fig. 4 (solid curve where the decrease in the spin suscepti-3%-=—176 ppm from the next-nearest-neighbor site. The
bility has been attributed to a normal-state pseudogap thaturie-like prefactor is comparable to that obtained from un-
disappears at higher hole concentratiops,greater than derdoped YB&Cu,_,Zn,)Oge4 Single crystals (13100
~0.19. ppm K for Hllc and 11600 ppm K foHllab).
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FIG. 4. Plot of the®®Y NMR shift against temperature for the
YBay(Cly gg0ZNp 0179405  main  peak (open  circlg, T=110K
YBay(Cug 980N 017940g first satellite (open down triangle a
YBay(Cly gg28ZN0.017940s second satellite (open up trianglg
YBay(Cuy ggodNig 0179405 main  peak (open diamong the
YBay(CUy 98082 Np.00874Ni0.0087940g mMain peak (filled circle), and
YBay(CUy 98082 No.00874Ni0.0087940g first satellite (filled down tri-
angle. Also included is the®Y NMR shift from YBaCu,Oq 2000 0 2000 3000
(solid curvé and the YO NMR shift from
YBay(Cp.98262N0.00878Ni0.0087940s (OpeN squanewith Hiic. The :
dashed curves are fits to the data using the model described in the NMR Shift (ppm)
text. Inset: plot of the®®y NMR linewidths, 8T, plotted against FIG. 5. Plot of the YBaClyss2ZNo 0179405 (—1/2,1/2) 70
temperature for the YB&CUy g2 N0 0179405 Main peak (open  NMR spectra ata) 110 K, (b) 150 K, and(c) 293 K for Hilc.
circle), first satellite(open down triangleand second satellit@pen
up triangle, as obtained by fitting the NMR data in Fig. 2. temperature§ >E/kg or for hole concentrationp>0.19

where the normal state pseudogap is Zéro.

Mahajan et al. attributed the satellite peaks in the  Previous NMR studies on YBE&Cu,_,Zn,);0,_, have
YBay(Cu, _,Zn,) Og 64 8 NMR spectra to an induced local also invoked an induced local moment with a commensurate
moment on the four nearest-neighbor Cu sites to the Zn imspin density oscillation to account for the increasing NMR
purity. In this interpretation, a local moment can be deducedinewidth with decreasing temperatuf&® We have at-
from #9C by noting that for a local momenj in Eq. (1)  tempted to model our YB&Cu;_,Zn,),Og %Y NMR data
reduces toys=p?/(3kgT) wherekg is the Boltzmann con- near 130 K in a manner similar to the analysi&u NMR
stant andp is the magnitude of the local moment. Inserting data by Walstedet al® using a commensurate spin density
this xs into Eq. (1) givesp=(3gkg %°C/|®°A|)Y2 where ®A  oscillation of the form S(i,j)oc(—1) " exp(—(i?
is the hyperfine coupling constant. To obtain an estimate of +j2)/(4¢%)) where ¢ is the antiferromagnetic correlation
within the Mahajaret al. interpretation we use the buffA  length in units of the averagab unit cell length,a. We used
value of ®A=-0.39T (Ref. 19 and from 8C  ¢=4a (close to that deduced at 130 K by modeling of the
=11900 ppm K we obtaip=0.52ug and hence a local mo- NMR dat&* and simulated the upper and lower Guglanes
ment per Zn atom of 1.Q4g/Zn. The deduced local moment using two 100 by 100 grids. We find that the resultant spec-
is comparable to that found by Mahajaetal. from tra only contain a single main peak where the satellite peaks
susceptibility measurements on YB@u,_,Zn,)Os¢4s  have been washed out into a very broad background. This is
(0.86ug/Zn). This, and the excellent fit to th&®Y NMR  apparent in Fig. ) where we show the simulatéd@y NMR
shift of the peaks in the YB&Cu,_,Zn,),Og Y NMR data at 132 K. While the linewidth of the main peak is close
spectra, would appear to provide support for the Zn-inducedbo that in the sample it can be seen that the satellite peaks are
local moment model. However, as mentioned earlier, recentompletely washed out.
uSR measurements on YR&u, _,Zn,),0Og found no evi- Unlike the previous study on YBECuY, _,Zn,);0;_ 5 we
dence of a local moment induced by Zn over and above thbave also performe’O NMR measurements and present in
intrinsic moment present in the pure compound. FurtherFig. 5O NMR data on aligned YB#Cuy 95270 0179405
more, susceptibility measurements deduce widely differentvith the c axis parallel to the magnetic field and(at 110 K,
values for the induced local moment ranging from 0 to(b) 150 K, and(c) 293 K. As the low-temperature spectrum
~1ug/Zn. 213158 These conflicting results indicate that fur- is very broad, resonance data were taken at 50 (HZ000
ther experimental and theoretical research on this issue jgpm) intervals and the resultant magnitude spectra were
required. We speculate that a final picture will probably in-summed. We first consider the room temperature spectra in
corporate two ideas: (i) the Curie-like term does not derive Fig. 5(c). By comparison with previous NMR studies on
from a local moment; andi) the Zn-induced term is asso- YBa,Cu,0;_ 5,%>?® we attribute the main peak in th€O
ciated with the normal-state pseudoddpjisappearing at NMR spectra to the central<(1/2,+1/2) transitions from
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YBay(Cuy ggodNig 0179405 at 133 K andD,=60s (dashed curve
and YB&(Cug ggoNig 0179405 at 133 K andD =10 s(solid curve
and (b) YBaz(CLblggzg\li0.017g408 at 330 K andD():ZO S.
the 02, O3 sites in the Cy®lanes(~1500 ppm. The other
peaks can be attributed to the central and satellite transitions T=120K
from the O1 chain site and the O4 apical site. This site as- a
signment was confirmed by increasibg from 50 ms to 2 s
where the O4 and O1 intensities increased indicating a larger
spin-lattice relaxation timel’T,, as previously observed. . -
The relative intensities of each peak depend on the site dis- -3000 0 3000 6000
order and the degree 6fO exchange on each site. It is clear 0 NMR Shift (ppm)

in Fig. 5(a) that the spectra are broader and another broad

peak appears at lower temperatutes8000 ppm at 110 K
We show below that this peak can be attributed® near

FIG. 7. Plot of the YB&(ClyogoNig 0179405 (—1/2,1/2) YO
NMR spectra ata) 120 K, (b) 165 K (c) 194 K, and(d) 293 K for

the Zn impurity. We note that the O1 peak near 1760 ppnHiic.
precludes us from accurately determining the temperature

dependence of the 02, O3 peak.

By comparison with the modeling of tH€Y NMR data
we would expect the positions of tHéO main and satellite
peaks,'’K, YK, and K, to be at

K = 17K + Vg, (33
1 17,
17K1=§ 17Ks+ T'F“O’, (3b)
17,
K=+ Vo, (30

T

where 1K is the bulk Knight shift, ’C is the constant
describing a Curie-like temperature dependence, dndis

the temperature-independent chemical shift. However, beyBa,(Cuy gg,ZN0 0179405

cause the satellite peak is bro@d2400 ppm at 110 Kand

The effect of Ni on the®®y and 'O NMR spectra for
YBay(Cuy, _,Ni,),Og is in stark contrast to that found when
Zn is substituted into YB#Zu,Og. This is apparent in Fig. 6
where we plot the YBACUy 9gNig 0179405 2°Y NMR spec-
tra at (@) 133 K with Dy=60s (solid curve, 133 K with
Dy,=10s (dashed curveand (b) at 330 K withD,=20s.
There is a strong asymmetric broadening that is absent in the
pure compound and the spectra are broader at low tempera-
tures. There is also a very broad resonance at low tempera-
tures. It can be seen by the dashed curve in Fig) that
there is also a fast relaxing component in the region where
YBay(Cuy 950Ny 0179405 Satellite peaks are observed, how-
ever, the fast relaxing component is broader and the relative
intensity is significantly less than that observed in
By comparison with the
YBay(Clo 9827 N0.017940s 22Y NMR spectra, we attribute the

YK/2 is small (~470 ppm we expect that the first and fast relaxing component Y near the Ni impurity which is
second satellites would merge into one peak with a NMRyeing significantly broadened by the Ni moméhtSug /Ni

shift of
17,

1
K= Kot =+ 1o (4)

to 3.4ug/Ni (Refs. 28-30]. This interpretation is strength-
ened in Fig. 4 by noting that th& NMR shift of the
YBay(Cuy og0Nig 0179405 central line(filled circles is close
to that found in both the pure compound and from e

From the position of the satellite peak at 110 K and usingNMR peak in YBa(Cuy 9527 Ng 0179405 attributed to 8%

Yo=250 ppm (Ref. 27 we deduce that'’C=(2.8+0.3)

from the bulk. We find that thé®Y NMR data cannot be

X 10° (ppmK). From the known hyperfine coupling con- interpreted in terms of the commensurate spin density oscil-

stants this corresponds t8°C=(10700+ 1100) (ppm K)
which is comparable to that deduced from tftY NMR
data.

lation used to model'’O NMR linewidth data from
YBay(Cu, _,Ni,)30;_ 5. The value of~4a expected at this
temperature for YBACuy 9g2dNig 01759405 Will produce spec-
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ture for YBay(Cuy gg2qNig 0179405 (0pen circle. Also included is the ¥v NMR Shift (ppm)
8% NMR main peak linewidth for YB&Cuy g5o7ZNg 017940s (Open
up triangle. FIG. 9. Plot of the % NMR MAS spectra from

YBay(CUy 95262 Mg.00873Ni0.00879403 at (&) 133 K andD,=60s and
(b) at 293 K. Also included irn(a) is the YBa(Cuy gg22ZNg. 0179405

tra similar to that of Fig. &) where, just as for Zn in % NMR spectra at 132 Kdashed curve

YBay(Cuy 9g2ZNg 0179408, the signal near the Ni moment is
washed out by the spin density oscillation resulting in no )

visible satellite peaks. However, the existence of a compoln Fig. 9@ where we also plot thé®y NMR spectra
nent in the region of the YB#CUy 9327ZNo 0179405 Satellite  from YBax(Clo 9529 Ng 0179405 (dashed curve Furthermore,

peaks indicates that any commensurate spin density oscilld- iS apparent in Fig. 4 that the resultant NMR shifts of
tion will be very localized withé much less than &. the main peak and the first satellite peak are also close

It is clear from the YB&ClyggodNip 0179405 'O NMR ~ to those observed in YBECUyos2#No 0179405 and
data plotted in Fig. 7 that there is a strong temperatureYBax(Clp gs2dNio 0179405 This would seem to imply that the
dependent broadening of the central peak. Here we'gt main peak and the first satellite peak originate fréfY
NMR data withclH from YBay(Clg ogodNio 017940s at (a) ~ away from the_ Zn impurity and_ Zn that is next-nearest neigh-
120 K, (b) 165 K, (c) 195 K, and(d) 293 K. From these bor to the Zn impurity respectively. The appearance of a Zn

spectra the temperature dependence of fBeNMR shift for ~ related  satellite peak at the position found in
02, 03 is plotted in Fig. 4open squaresand is seen to be YBax(Clo o210 0179405 establishes an upper limit for the

comparable to that from the central line in the extentof any commensurate spin density oscillation induced
YBay(Cup ggoNip 0179405 Y NMR spectra. The corre- by the Ni-moment. The average Zn-Ni separation~cba
sponding™’O NMR linewidths, 1T, obtained from the high Per CuQ plane implies arf of £<1 otherwise the Zn satel-
shift side of the spectra are plotted in Fig(@en circles  lit¢ peak would be shifted and broadened by the commensu-
where it can be seen thafl" displays a Curie-like tempera- fate spin density oscillation.

ture dependence similar to that observed in underdoped

YBay(Cu; _,Ni,)30;_5. Also sh0\_/vn in Fig. 8 is the CONCLUSION
YBay(Cly 952ZN0.017940s 22Y NMR linewidth from the main _ . _
peak, attributed t6®Y remote from the Zn impurityopen In  conclusion, we find three peaks in the

triangles, where it can be seen that linewidths from both theYBay(Cu; —,Zn,) ;05 2% NMR spectra that can be analyzed

Zn and Ni substituted samples have a similar temperaturé® terms of a Curie-like shift from Cu sites that are adjacent

dependence. This would seem to indicate that the origin ofo the Zn impurity. This analysis is consistent with thH®©

the temperature-dependent NMR linewidths is not related ttNMR spectra from YBZCu, _,Zn,),Os. We find that the

a commensurate spin density oscillation induced by a locaCurie-like NMR shift is washed out in tHEY and 'O NMR

moment because the sizes of the Ni moment g3MNi to  spectra from YBgCu, _,Ni,) ;Og due to the Ni moment. We

3.4ugNi) and the assumed 2Zn induced momentfind problems in attributing the Curie-like shift to an induced

(1.04ug/Zn) are so different and, in the case of Zn, thelocal moment. In particular, the NMR data from Zn, Ni, and

moment is assumed to be distributed on the four Cu sitegn:Ni substituted into YBgCu,Og are inconsistent with a

nearest neighbor to the Zn impurity. spin-density oscillation about an induced local moment, or
The effect of combined Ni and Zn cosubstitution caneven about the Ni moment, of the radius assumed.

be seen in Fig. 9 where we plot tHY NMR spectra

from YBay(Cu, _,ZNg gos7Nig.0087940g With the same total

impurity concentration as YBE&CUy ggo#ZNg 0179405 and ACKNOWLEDGMENTS
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