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207pp and 'O NMR study of the electron density distribution
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The 0 and?°’Pb NMR spectra are measured in ceramic samples in the metallic phase qf BBRO,
oxides (0<x=<0.33). The inhomogeneous magnetic broadening which appears due to a distribution of the
Knight shifts is analyzed in detail. It is shown that Bi atoms, which are randomly incorporated in a BaPbO
parent compound, give rise to an increased spin density of carriers within an area which is delimited by its two
first cation shells. According to NMR data the percolative overlap of these areas occurs in superconducting
compositions, and is accompanied by a sharp growth of the average KnightahifiThe decrease dft’K.)
with temperature revealed for=0.33 evidences that a pseudogap develops Beaven in a metallic phase
near the metal-semiconductor transitio,& 0.35). Our observation supports photoemission results of Uchida
et al.[Phase TransiB, 95 (1987] which indicate the opening of pseudogap in superconducting Ba(Pk;,Bi)O
oxides near,, .
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[. INTRODUCTION scribing the electronic and structural properties of an aver-
aged crystal. The static and dynamic effects of the cation
During the last two decades many studies have been delisorder in the sublattice of Pb(Bi}®ctahedra on conduc-
voted to the electron states in the conduction band of supetion electrons were considered only in few publications. In
conducting BaPp_,Bi,O; oxides (BPBO). Substituting Bi ~ discussing neutron-diffraction results, it was conclufed
for Pb in the metallic parent compound, BaRp@ads to that, in the range of 0.K2x<<0.3, the crystal structure of
superconducting compounds in the composition range 0.BaPh_,Bi,O; can be considered as a micro-dispersed mix-
<x<0.35 (Ref. 1) [superconducting composition range ture of tetragonal and orthorhombic phases. Furthermore, a
(SCR)]. The density of states at Fermi lew¢(Ef) is found  reversible change of the relative fraction of the two phases
to be small, and;, the superconducting transition tempera-occurs with temperature. Extended x-ray-absorption fine
ture, estimated from thermal capacity data in the Debye apstructure(EXAFS)'” and *3Ba NMR and NQR(Ref. 18
proximation, is substantially smaller than observed?™#  studies confirmed the presence of local lattice distortions in
According to extended photoemission studiés pseudogap the Bi(Pb)Q sublattice. The influence of short-range order-
near Ex appears forx=0.2, and exists as a real gap for ing of Bi cations in regard to the developed electron insta-
semiconducting compositionsxt0.35). Finally, the end bility was studied in Ref. 19. It was shown that some specific
member of the family, BaBig) is an insulator with an energy configurations of cations give rise to a nonmetallic cluster for
gap of ~1 eV due to the commensurate charge densitymetallic compositions>0.1.
wave (CDW) breathing modeda={;;m}) developed in Being a local probe of electronic properties, nuclear mag-
the BiOg-octahedra sublattice. It was considered thathetic resonance is well suited to determining the spatial dis-
electron-phonon coupling might be increased due to théribution of electric and magnetic fields of nonhomogeneous
breathing phonon mode existing in the SCR as short-wavétructures. The Knight shift”K and spin-lattice relaxation
charge fluctuation§ An exclusively electronic origin of the rate 2°“T;* of lead were measured at=4 K in BaPbQ.
attractive retarded coupling between the carriers, due to th€he behavior of these properties is similar to that normal
“skipped valence” effects of Bi, was proposed by Varfha, metals?® O (Ref. 21 and ?°’Pb (Ref. 22 NMR studies
and the relevant phase diagram was developed in Ref. 10 feéhowed a monotonic increase of the Knight shid
the semiconducting phase of bismuthates. However, the sta<N(Eg) as a function ofx when approaching the metal-
bility of a uniform electron system in a metallic phase in thesemiconductor transition, and no evidence of electron corre-
presence of a random ionic potential due to cation disorder ikation effects was reported for a composition=0.2522
still an open question. As noted in Refs. 11-15, changes iwhich corresponds to the higheBt, T, nax=12.5 K. It is
the carrier motion near the more electronegative Bi cationsvorth noting that the aforementioned NMR data were ana-
can lead to an electronic ground state associated with a nothyzed assuming that all the oxygen and lead ions are located
uniformly distributed electron system in real space. in magnetically equivalent sites of the ideal crystal, ignoring
Most of the experimental data concern parameters deany disorder. Only an abnormally broad distribution of the
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20’Pp NMR line shift in SCR for 0.1€x<0.18 (Ref. 22 ' ' '
was attributed to the effect of a charge-density-we@BW)  BaPb,_Bi O,
instability developed in oxides placed compositionally close 12k 4
to the metal-semiconductor transition boundaxy=(0.35). I

Taking into account these results, we carried out a de-
tailed study of'’O and?°’Pb NMR for BaPh_,Bi,O5 in the 10} .
metallic region (G=x=<0.1) as well as in the superconduct- | L4
ing region (0..kx=<0.36). The analysis of NMR spectra
shows the formation and evolution of a microscopic inhomo- 81 .
geneous distribution of the charge and spin densities of mo- ® .
bile carriers in these compositions. | SCR

6 2 T

TK)

II. EXPERIMENT

‘.---l 4 0.0

A

The measurements were performed on single-phase pow- 4r
der samples BPBO in the range,<@=0.36). The BPBO I
samples were prepared with compositions of
=0.36,0.33,0.27,0.21,0.18,0.15,0.12,0.09,0.03, and 0. The 2
samples were obtained by a conventional solid-state reaction .
in air similar to that described in Ref. 23. We put a lot of care T
into avoiding any macroscopic heterogeneity due toBPb 0.1 0.2 0.3
substitution. After a preliminary grinding, some of the X
samples were enriched with th€O isotope. The powder g 1. T as a function ofx, the bismuth content. The inset
was poured into a platinum cup, and placed into a quarzhows dc FC and ZFC magnetic susceptibilities vs temperature
tube with flowing 'O, mounted in the furnace. During the plots for samplex=0.15. x4. data are normalized to the suscepti-
heat treatment the oxygen gas in the quartz loop was comility y..(2 K) of the Pb sample, having the same form as the
tinuously scrubbed with Ascarite and cold plds 180K). measured pellet of the oxide.

The 180-70 isotope substitution was carried out at 650 °C

for 168 h under an oxygen pressure of 730 Torr. The syste
was filled twice with “fresh” ’O,. The sample was then
cooled toT=300 K with a rate of 15 K/h. According to a

Xdc

rBoncerning the homogeneity of composition, the x-ray
analysis and dc-magnetization data are in favor of a high

mass spectroscopic analysis, the fih4 enrichment of the enough homogeneity on macroscopic scale for all the
sample was about 15%. During the preparation and enrictﬁaTogles' . _
ment the cooling rate used was always slow enough to obtain ~ PP @nd>’O NMR measurements were carried out on a
samples with a minimal amount of oxygen vacancies. Bruker NMR p_ulse spectrometers over the temperature range

The X-ray powder diffraction measurements were per.Of 10-350 K in three magnetic fields: 2.0, 9.1, and 11.7 T.
formed atT=300 K with a DRON4-A diffractometer with The spectra were obtained by a Fourier transformation of the
CuK,, radiation in the range of =10°-70°. To minimize ~second half of the echo signal obtained with the/2),
the instrumental error in determining the positions of Bragg— 74e1— (7)x Pulse sequence. A phase cycling of the pulses
reflexes, the sample was mixed with a powder of crystallinevas used in order to suppress spurious signals arising from
germanium. The best fit of the experimental x-ray diffractionthe transient rings in the rf circuit after the pulses. The spec-
patterns was found when assuming an orthorhombic symmaera for which the width exceeds the frequency band excited
try of the unit-cell parameters for all compositions. No otherby the rf pulse were obtained by irradiating the whole spec-
peaks showing the presence of spurious phases in thteum at equidistant frequencies. The spectrum was recon-
samples were revealed. A monotonic decrease of the unit-cedtructed after Fourier transformation of the corresponding
volume is deduced asincreases. The structural parametersechoes.
of the samples are in a good agreement with the data pub- The components of the magnetic shift tensk(,K )
lished in Ref. 24 for BaPp ,Bi,O;_ 5 with a small oxygen for 'O and ?°’Pb—as well as the electric-field-gradient
deficiency, . (EFG) parametergfor 1’0) the quadrupole frequencyqg

T. was determined with ac and dc magnetic susceptibilityand asymmetry parameter—were determined by a com-
measurementd=ig. 1). The superconducting transition width puter simulation of the measured NMR spectra. The powder
does not exceed 2K faxr=0.25. The superconducting vol- pattern simulation program takes into account quadrupole
ume fraction was estimated from the magnetizat\@T). coupling corrections up to the second order of the perturba-
It was measured by field coolingFC) and zero-field- tion theory. The NMR powder pattern is calculated with a
cooling (ZFC) experiments with a SQUID-DESIGRKsuper-  distribution function of the NMR parameters, and a nonuni-
conducting-quantum interference deyickevice operating at  form broadening of the spectra can be specified.
Bo=102 T (see the inset in Fig.)1The deduced Meissner For 1’0, the positions of the features of both the central
fraction exceeds 0.8 for=0.15 andk=0.27. Forx>0.3and line (transiton m=—3—+131) and satellite lines
x<0.15 the superconducting response is absent down to 4ks + 3« = 3), were analyzed. We used solRb™''(NOs),
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the spectra obtained in metallic compoungs(.35), let us
focus on the main features of tH€'T, behavior in the high-
frequency part of the spectra.

(i) In BaPbQ the value of 2°'T, ! greatly exceeds the
homonuclear magnetic dipole  contribution®"T, 5
~(0.1-0.3) ms?, estimated for a sample with a natural
abundance of lead isotopes. In BaR@Ddx=0.09 samples,
207T,(5 K)=55(5) us. In addition, the intensity of the
echo,l(274.)), demonstrates an oscillating behavior at low
temperature withw,s.=4.5(5)x10° s 1. The homonuclear
indirect coupling termJexl,;1,, is assumed to be respon-
sible for the?°’T, in the metallic phase. The exchange inte-

2075 _, :
b) o) K0 ptmes gral for BaPbQ estimated within the Ruderman-Kittel
P R PR a— model, J,,=0.2x10 %! erg, was found to be consistent
V(MHz) with the measured value @,.

(ii) As shown in Fig. ), 2°T, changes within the non-
uniformly broadened spectra. The arrows point to the oper-
ating frequencies. The data can be fitted with the expression
20T (1) e~ 20K E (), wherea=1.0—1.3 forx<0.2. The
Knight shift 20K (x), for a fixedx, was defined as follows.
for 2'Pb %7y =80.978 MHz) and HO for O as fre- We have assumed that the chemical part of the total shift
quency references. does not change witksince the valence state of lead is fixed

Above T, the magnetic susceptibility,, was measured (Pb™"Y). Thus we write
by a Faraday balance technique. The measurements were
performed in the temperature range of 4.2-370 Kinamag- 207 (x)={20% (x)— 207K (x=0.36)} =
netic field of 0.5 T, and the instrumental error did not exceed

0.02¢.

FIG. 2. 2°"Pb NMR spectra of BaRb,Bi,0; measured by the
spin echo technique with different delay timeg,, between echo
pulses.

1
207
—'H .
e hfXs,loc
(N

2074, ¢ is hyperfine magnetic field arising due to the hyper-
fine interaction with conducting electrons, whose spin den-
sity near the given atom can be characterized by the local-
spin susceptibilityys o -

(iii) The T,(v) values decrease sharply with increasing
on approaching the metal-semiconductor transition.

Taking into account the variation @% within a spectrum,
we have restored the red?Pb NMR line shape in the fol-
lowing way [Fig. 2(c)]: the intensity of echo signals mea-
sured at each frequency,, with 74¢;=10 us, was multi-
plied by the factor eX@27ye/To(v)]-

Comparing the restored line shapeg{=0) to the spec-

1. EXPERIMENTAL RESULTS AND DISCUSSION
A. 2°Ph NMR spectra

The 2°Pb NMR spectra shown in Fig. 2 for BPBO
samples were obtained &;=9.1 T, in the temperature
range of 5-20 K. For SCR, spectra were measured in
normal state, sincB, exceeds the critical fielti.,. A single
nonuniformly broadened linéline A) is found at low fre-
guency in the semiconducting regioa; 0.35,[Fig. 2(@)]. Its
shift 29’K(0.36)=0.30(5)% is in the range of chemical
shifts reported for PbV in insulating oxides B#PbQ,  tra measured withrge =10 us, one may see that line B,
(0.21% and SgPbQ, (0.23%.%° Line A still exists in the  corresponding to BaPhQis still present ix=0.09 and 0.12
SCR, but its intensity sharply decreases with decreasing compounds. Nevertheless, the corresponding Knight shift
Forx=0.12 the relative intensity of line A is less than 5% of Shows a small increase asncreases. Line B is located on a
the total intensity of?°’Pb spectrum. Even for=0.36, less low- frequency edge of a broad linéne C). Line C shifts
than one-third of the lead atoms contribute to lindM@g.  toward a higher frequency as increases. On the SCR
2(a)]. Its shift is independent of botR andx. Its spin-lattice- ~ boundary, forx=0.12, the resulting spectrum has the best
relaxation timeT, is of order of 1 s, and the spin-spin relax- resolved structurgFig. 2c)] since lines B and C have more
ation timeT, is about 75(10) us atT=20 K. At the mo- Or less the same weight. For=0.15, mainly line C is
ment we cannot definitely judge the origin of this line in the present, line B has almost disappeared. The dominant inten-
SCR. Measurements on semiconducting compositions diity of line C in the SCR corresponds t8'K,>1.5%.

BPBO (0.4<x=<0.9) are planned to clear up this point. Thus, substituting Bi in BaPb{produces a large broad-

On the end of the phase diagram, in BaRb® single, €ning of the spectra due to a distribution of the Knight shifts.
nearly Gaussian, symmetric litféne B) is detected at higher The broadening is accompanied by a distribution of
frequency(Fig. 2. Its shift, 0.912)% is T independent, and  2°"T; *(v) and 2°T1 *(v) ~2°KZ(»). Both of these quatities
is in quite good agreement with published data in Refs. 20-are controlled by the Fermi-contact hyperfine inter-
22. As shown in Fig. @), the high-frequency part of the action with carriers of the conducting band, having local
NMR spectra in Bi-containing compounds depends strongldensities of stateiN;,.(Ef) ~ xsioc Near a given lead of
on the delay timery., between rf pulses. In order to analyze 2°7T, *(v) ~2H2 xs 10c~ " HisNioc(EF) and 27T Y(v)
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~Njoc(Ep) is found to increase proportionally through a
broadened NMR spectrum dPPb-like 2°’K(v). Thus the
distribution of 2°’K ; reveals a nonuniformg# 0) distribu-

tion of the carrier density “depending” on the local environ- ) _
ment of the lead atoms. andT, measured at a givelg are roughly independent at

Let us focus on the nonsuperconducting metallic comUnfortunately, on the other end of the studied phase diagram,
pounds,x<0.12. Sincex is rather small, it is reasonable to i.€., forx<0.25, no echo signal was detected in the range of
assume a random distribution for Bi ions in Pb sites. As?*’Ks>0.5%, probably due to very shoff"T,<1 us.
shown in Fig. 3, the measured relative intensity of line B
(?*13) decreases, while the width of line @QK) increases B. O NMR spectra

with increasingx. In parallel, for line C, the relative intensity h | d h f hed
as well as the shift of the center of gravitifig. 2(c)] in- .T e oxygen atoms are located at the apex of octahedra
. with Pb or Bi at the centers. The resonance frequency of the

creases as the Bi concentration increases. Thus Pb atom : . .
located in an area around Bi experience a high local-spin NMR probe is determined by both the hyperfine mag-

susceptibility x5 10c- The characteristic radius of this area hetic interaction and the quadrupolar interaction.

17, i iti —_1 1 -
can be estimated in the assumption of a binomial distributionS ur-ggleat rgofnegﬁl E'}'Paijgteran?t'lozn 'Tla_re Zr;;ni g dr?nelazli
P,(x), which is valid only for Bi-diluted oxides. In Fig. 3, P B¢ = P 9-

the upper curve®,(x)=(1—x)® corresponds to the fraction 4.1The 3satellite lines correspopding to the tra'nsitiomy
of Pb having no Bi atoms in the nearest cation shell. The 2 =2 Were also measure(Fig. 6. A simulation of the
bottom curveP,(x)=(1—x)*® is the fraction of Pb having central NMR line shapes measured at different magnetic

no Bi atoms in both nearest and next-nearest cation sheIIg(alds allowed us to determine with reasonable accuracy the
The experimental dat&d’/l g are well situated between these Components'K;s, and *'K, of the magnetic shift and the

two curvesP;(x) andP,(x), which means that the radius of EF;cﬁnso(r:Zr%ei?:nn.cgr% a;:ez a_reorfeltarid et:)eé?r(iac-(;?erlrc?_
the area with highys o around Bi, line C being attributed to Eadiem%e P W5

Pb atoms in these areas, does not exceed 1-2 lattice cof- :

stants. A steeper decrease 9fl g occurs forx=0.09. It is 3

) ) . eQV, Vyx—V

interpreted as due to the percolative overlap of the Bi- ,,Q:ﬁ, =Y

containing areas expected fee0.12 near the transition to 21(21=1)h Vzz

FIG. 4. YO NMR spectratransitionm= — 3 — 3) measured at
room temperature in BaRb,Bi,O; by the spin echo technique
with different 74 .

the SCR with
In the SCR, the increase of the relative intensity of line C
[Fig. 2(c)] shows that most of Pb nuclei are in the sites with V22| = Vx| = [ Viyyl.- 2

high xs0c- 2°’Pb NMR spectra were available for measure-
ments up to room temperature only fo<0.15. It was found For both parent compounds, BaPp@nd BaBiQ, all the
that the line position, the total width at half heigit{J)o,5,  OXygen sites are equivalent since the corresponding spectrum
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TABLE I. 0O NMR line parametergfor details see the text and Fig).5

BaPh _,Bi,0,
X 0.0 0.03 0.09 0.15 0.21 0.27 0.33
line 1 . -
"Kiso opm line 2 - %ﬁ%
OKigo '
iso line 3 - 750(20)
line 1 -4010) -
YK ax,ppmM line 2 - -5010)
line 3 - -7q10)
line 1 %g(%; -
H 1.15(5
9 i line 2 - 5558
5o
"Q line 3 - BTG
line 1 <0.05 -
7 line 2 - <0.05
line 3 - 0.05 0.015 0.2 0.3 0.35 0.5
Relative line 1 1.0 0.81 0.41 0.12 -
intensity line 2 0 0.14 0.43 0.69 0.7 0.65 0.6
line 3 0 0.05 0.16 0.19 0.3 0.35 0.4
(YKiso),ppm 300K  35010) 39010) 48020) 52020) 57020) 58020)  590(20)
20 K 35010) - 50Q20) - 56Q20) 56020 50020

can be described with a single set of magnetic shift andargest magnetic shift. These three lines correspond to three
EFG’s. The two-peaked line shape is due to the second-ordexygen sites differing mainly in their magnetic hyperfine
qguadrupole effect on a powder spectr(sae BaPb@on Fig.  fields.

4). The symmetry of the EFG tensor is almost axial. It should In order to understand the origin of the three lines, we
be noted that the values &fs, and vq listed in Table | are have analyzed the variation of the spectra as a function of
consistent with the results reported in Ref. 21. The tensor components of line K5, "Kax, vo, andn

The magnetic and charge equivalences of the oxygen siteme very close to those obtained for pure BaRh@ inten-
are destroyed in the intermediate metallic compositions, fosity decreases as the Bi concentration increases. Lines 2 and
which spectra show a rather complex structiifig. 4), each 3 appear only when Bi cations are present. Considering the
peak or shoulder having its own dependencergn and on  measured relative intensitie¥nt;(x), plotted in Fig. 7, it is
the repetition time. The intensity of the high-frequency partquite natural to assume that line 1 originates from oxygen
of the spectrum grows with increasing correspondingly, with no Bi in the nearest and next-nearest shells, whereas
(T,) ! is also larger. These changes evidence that in thénes 2 and 3 correspond to oxygen with Bi. Furthermore, the
Bi-containing oxides there is a distribution of the fluctuatingfunction (1—x)° (Fig. 7, dashed curyewhich represents
hyperfine magnetic fields responsible for processes of spin-
lattice and spin-spin relaxations at the oxygen sites.

Less distorted line shapes are obtained for the shortes
Tgel Value, 74e1=35 uS<(}T,)min~600 us. The powder
spectra of the central transition measuredBgt=12 T is
rather well resolved in the Bi-diluted oxides=0.09 (Fig.

4). This spectrum is the superposition of three lines, the de-
convolution is shown in Fig. &).

All the simulated lines are broadened by convoluting with
a Gaussian function. The function is specified in terms of an 2
isotropic shift and quadrupole frequency, and its width at a o
half of height (6Kis,) or/and (§vg). The EFG parameters
were deduced for each line from the central line measured a
low field, Bp=2 T (Fig. 5 and the satellite linegFig. 6).
The calculated spectra are shown by dotted lines in Fig. 5.
and the relevant shift and EFG parameters are listed in Table
. For all the metallic compositions the spectra can be simu- FIG. 5. Experimental and simulategdotted line$ room tem-
lated with the same three lines, by varying the relative intenperature’’0 NMR spectratransition— 3 3) in low (B,=2 T)
sities of these lines. Only was adjusted for line 3 with the and high 8,=12 T) magnetic fields.

x=0.21
4\ B=12T

NMR line intensity

line-1
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FIG. 6. "0 NMR powder patterns for the central line and two

. 207 .
first satellites measured in BaPhBi,O5 at room temperature. FIG. 8. Average Knight shift™"K) and the electronic thermal

capacity coefficienty, (Ref. 4 vs x in BaPh _,Bi,Os.

the binomial probability of the cation configuration without

Bi in both the nearest and the next-nearest cation shell his i ioht b ibuted ith Bii |

around oxygen, fit’Int;(x) very well. Thus line 1 is due to ;I' IS |3(e_ m'r? t be até” ute tohoiiygTehn wit bB;a'IIQnS ?nﬁ/.

oxygen with no Bi in its two first shells. ocated In the secon Ca“;’” shell Se probability of this
cation configuration, (£x)1—(1—x)%], is represented

The shaded region in Fig. 7 shows the range of the ex R A , g .
pected relative intensity from the binomial model for differ- PY the dotted line in Fig. 7. As it can be seeriinty(x) is

ent Bi-containing configurations of the first cation shell Well described in our model fox<0.1. . .

around a given oxygen. The bottom boundary curw¢12 The increase of the magnetic shift from line 1 to line 3
. ot the _ )

—x) corresponds to the configuration with a single Bi ion in@d the largerT,) = of line 3 have to be put in parallel with

. . 07 .
the nearest cation shell, whereas the top boundary cun/d€ increase of the shift of”Pb NMR spectra as the Bi
x(2—x) relates to the configuration for which one or two Bi cOntent increasei=ig. 2(c)]. As for Pb results, this demon-

ions are present in the nearest cation shell. As seen in Fig. Plrates that the random substitution of Pb by Bi in BapbO
for smallx,x<0.1, “Inty(x) is well described in our model. changes the electron density of carriers within two first cat-

Thus line 3, with the largest shift, can be attributed to oxygerl®n Shells around Bi.
with at least one Bi as nearest neighbor.

The small deviation of*/Ints(x) from the binomial pre-
dictions for superconducting oxides*0.1) is believed to The Pb NMR line is broadened and shifted mainly due to
originate from the overlapping of the areas with the Bi-the distribution of the Knight shift?’K;. The average
stimulated high electron density. In the overlapped areas thgnight shift (27K ) is defined as the first moment of the
Bi-Bi distance is less than two lattice constants, and the forejnomogeneously broadened 1iné8%g(») shown in Fig.
going simple binomial approach becomes invalid in the SCR2(q):

It should be added that the reduction of the EFG symmetry

grease in going toward the semiconducting compositions.

C. Average Knight shift of 2°Pb and 7O vs x

for line 3 (seey in Table |) favors the suggested assignment. 07 (v—ro(x=0.36) 1 207
Line 2 dominates in the SCR, and its intensity reaches a (* 'Ks)= ro(x=036 V—f (v=ro)'g(v)dv.
maximum arounck=xX(T. ma, followed by a monotonic de- 0 0 3)
= (?9K) is proportional to the uniform part of the spin sus-

ceptibility xs(q=0) %’

_
(=)
—u

o
o0

pe(PK ) 2ugN(Eg)

Tth:XS(qZO):TN(EF)’ 4

=
=N

whereN(Eg) is the bare density of statéBOS) at the Fermi
level. As seen in Fig. 8(?°’K,) sharply increases at the
boundary of the SCR. This observation for the average
Knight shift (?°’K¢) vs x is in a qualitative agreement with
0.0 o1, 02 03 the dependence of the electronic.th_ermal c_apacity coefficient
Yei~N(Eg)(1+\) onx (Ref. 2. It is instructive to note that
FIG. 7. Relative intensity of the lines/Int;, Int, and 'Int, Yel Probes the bare DOS multiplied by the mass enhance-
of the 7O NMR spectra of BaPh ,Bi,O; as shown in Fig. 5l,  ment factor (#\). The electron-phonon coupling constant
line 1; @ line 2; A, line 3. was estimated in Ref. 28, and was found to increase in

O NMR line relative intensity
=
=

@
[

17
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L where 1K is the Knight shift and the other shift contribu-
600 | 8 4 tions are summarized as “the chemical shifts. For light
atoms like oxygen both terms in E¢p) are comparable in
@TIvDBOBO 8849 55)(3 magnitude.
i AD ' For BaPbQ we have estimated K (x=0)
A TA =130(20) ppm starting from the ratio of*Pb and 'O
R | shifts, and using Eq91), (4), and (5). The ratio of corre-
0 Smunu u® " = mw sponding hyperfine fields®{"H,,;/*"H;;)=50(5) was esti-
— T mated by taking into consideration the spin-lattice relaxation
: rate data of'’0O and 2°Pb21?2¥The deduced’s value is
x=0.33 ] 175(x=0)=220(20) ppm. Assuming that®H/*™H; is
the same in all the metallic samples, we have deduced the
dependence oft’K¢) and(1’s) using(?*’K4(x)) data up to
x=0.25. We find that'’s) is constant within the error bar.
As shown in Sec. ll{B) oxygens with no Bi as the nearest
500 | - neighbor give the main contribution to tHé0 NMR line in
300 | superconducting samples. Thus one may conclude that no
Eos additional paramagneti@ther thanyp,,;) contribution to
82 80 18 175(line 2) appears at these oxygen sites.
X 107 (emu/mole) ] At low temperatureg*’K,) passes through a maximum,
o and then decreases far=0.33. Assuming that fox=0.33
0 100 200 300 (}'5)=200 ppm, the average Knight shift is about
1K (x=0.33))=300 ppm, and the corresponding bare
TK) (K0 .
DOS is N(Eg)amr=((}'K)/2uiHpe)=0.16 (eV spiny *.
FIG. 9. Temperature dependence of the average NMR shift oft should be noted tha¥l(Eg)ywr €xceeds more than twice
oxygen(*’K) in BaPh_,Bi,O;: M, x=0.09; ¥, 0.21;0, -0.27;  that onN(Eg), evaluated from the electronic thermal capac-
A, 0.33. The inset showd’K) vs magnetic susceptibility,, of the ity coefficient y,, in Ref. 29 forx=0.30, whose chemical
sample x0.33. composition is nearly the same as in BgpBig 30s.

<K, >(ppm)

Kno>(p pm)
=
8

T T

>
>
s 1
L |

17.

400 -

17.

<

going toward the SCR. This leads to a more slendearia- IV. SUMMARY
tion of N(Eg) when estimated from the heat capacity data,
as compared to the estimation from the Knight shift data. The NMR spectra of°Pb and 1’0 were measured as
One may assume that ferromagnetic fluctuations in the corfunctions of temperature andin the metallic phase and in
duction band increases, and the increasgf=0) occurs the superconducting BaPh,Bi,O; (0=x=0.33). The mag-
due to nonvanishing Stoner’s enhancement fadt¢E). netic shift and broadening of the spectra were analyze(_j._ It
Let us now consider the average NMR isotropic shift of W&s shown that powder patterns of the spectra are modified
oxygen(1’K..). It is defined by an expression similar to Eq. QUe to distribution of the Knight shift. The deconyoluuon of
(4), where Yg(») is the sum of three Gaussian lines with a Inhomogeneously broad_ened spectra by three lines .allovyed
relative intensity {Int), and a magnetic shift{(K,..); cor- us te_reveel a systematic evolu_tlon of the separate lines in-
responding to lines 1, 2, and 3, respectively. The respectiviEnSities with the Bi concentration. Each of these lines was
widths (5Kiso); of the Gaussian lines were deduced fromattrlbuted to a NMR probe with a certain configuration of the

simulation. The thermal behavior afK;s,) down to T neighboring and next-neighboring @) cation shells.
—20 Kis displayed in Fig. 9. Fox<0 27|?%7K- ) is tem- It was established that in Bi-diluted oxides areas with in-
. . . ’ I1SO.

perature independent. Frr=0.33, i.e., near the transition to creased density of mobile carriers arise around the Bi atoms.
a semiconducting stete a g.;ra(,ju.alqdecreaselﬁt) with The characteristic size of these areas does not exceed two

decreasing temperature is found. For this sample the statl@ttice constants. The percolative ov.erlap.ping of these areas
magnetic susceptibility is also T dependent. In the range o expected at .hlgher Bi concentrations in superconducting
T=80-300 K the measured slopeA{AT),_qs=4.5 PI_BO cemposni?ns. The temperature dependence of mag-
x10 1 emu/grK is consistent with the data reported in netic shift for “O NMR lines gives evidence .Of the .
Ref. 29. Both observations might be interpreted in terms Opseudogap phenomenon deve!oped near the Fermi energy in
the pseudo gap phenomenon developing rgain super- superconductmg B.P.BO oxides near the metal-to-
conducting BPBO compositions when approaching thesemlconductor transition.
metal-semiconductor transition
The total magnetic shift of’O NMR line is the sum of
two contributions, We are very grateful to Dr. A. Inyushkin fof’O isotopic
substitution of the samples. We are also indebted to Dr. A.
MK T =(M8) () + (MK (%, T) Korolev for advising us about the SQUID-DESIGN device
1 and providing M (T) measurements. This work was sup-
=8y + —Hp1xs(q=0), (5)  ported by the Russian Foundation for Basic Researches
MB (Project No. 99-02-16974
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