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Lattice effects observed by the isotope-difference pair density function
of the YBa2

63/65Cu3O6.92 superconductor

Despina Louca and G. H. Kwei
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B. Dabrowski and Z. Bukowski
Department of Physics, Northern Illinois University, DeKalb, Illinois 60115

~Received 6 May 1999!

The local lattice effects in the YBa2Cu3O6.92 superconductor were characterized by the neutron differential
pair density function~DPDF! analysis. The DPDF provides an atom specific PDF, enabling the distinction
between overlapping atom pair correlations in complicated systems. It utilizes the contrast in the scattering
amplitude enhanced by the different neutron scattering lengths for63Cu and65Cu in two isotopically pure
samples with identical compositions. Significant structural distortions are observed in the superconducting
planes, in association with the plane copper~Cu2!. A bifurcation of the Cu2 to apical oxygen~O4! pair
correlations is evident which is temperature dependent. This effect originates from distortions along thec axis
of the crystal of the Cu2 ions and not of the O4, as no distortions are observed in association with the
connecting pair, the Cu1~chain!-O4. Secondary lattice anharmonicities in the chains are also seen, arising
mostly from defects in the vicinity of oxygen vacancies.@S0163-1829~99!12833-9#
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I. INTRODUCTION

The normal and superconducting state properties of
YBa2Cu3O72d ~YBCO! high-temperature superconduct
~HTSC! have been extensively studied1 and the average crys
tallographic structure has been well characterized.2 While at
present it appears that most of the structural mysteries h
been resolved, a controversy which started about a de
ago still endures. In particular, short range atomic structu
distortions commonly characterized in the form of deviatio
from the long range symmetry describing the crystal mi
be present in this system, and in turn play a role in
mechanism for superconductivity. A precise definition of t
type of distortions would in turn lead to a clear characteri
tion of the role of lattice effects in this class of oxides. A w
of identifying such atomic deviations from their ideal sites
through the use of a local structural probe where the c
straints of lattice periodicity is not inherent in the analysis
was thus suggested3–6 using the x-ray-absorbtion fine
structure~XAFS! technique, a local probe, that bifurcation
the coupling of the chain copper to the apical oxygen ato
through a dynamic double well potential is triggered at te
peratures well into the superconducting state and into
normal state. This subsequently led to the conclusion
such a motion is instigated as a consequence of the ch
transfer from the donor chains to the superconducting pla
At the same time, contradictory results have be
published.7–10 Consequently, the uncertainty on the true n
ture of the distortions, if any, still remains.

The parent compound YBa2Cu3O6 is an antiferromagnetic
insulator with no oxygen atoms in the chains of the crysta11

A superconducting transition is observed with doping,
compositions with an oxygen content of 6.5 and high
Above this value, the superconducting transition tempe
ture,TC , varies as a function of the oxygen defect conten12
PRB 600163-1829/99/60~10!/7558~7!/$15.00
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but does not exhibit a proportional relation to the amount
oxygen added in the chains. Optimally doped samples w
d'0.05 usually exhibit the highestTC . For values smaller
than that,TC shows a decrease. The oxygen vacancies
more likely to form in the chains instead of the superco
ducting planes.13 Whether they occupy sites at random or
order depends on the sample’s preparation history and
becomes an important issue for samples with chain oxy
concentration close to half filling.14 Thus, in the YBCO sys-
tem, the lattice plays a significant role at least in the mec
nism for changingTC .

While lattice distortions have been observed in seve
HTSC materials~see Ref. 15 for review!, they are not nec-
essarily associated with an apical oxygen, if it is presen
all in the structure. Previous neutron pair density functi
~PDF! studies provided evidence for local lattice distortio
in several classes of superconducting materials.16–19 In par-
ticular, in the thallium based compounds, Egami and
workers showed that displacements of as large as 0.2–0
of the oxygen around the copper atoms occur in the lo
structure. For the optimally doped YBCO, however,19 it has
been quite difficult to concur on the presence or absenc
such local lattice anharmonicities via PDF. Already the a
erage crystal structure provides a good description for
local atomic structure. However, the complexity of the cry
tal structure allows for several pairs of atoms to have ov
lapping bond distance correlations in a reduced dimensio
function such as the PDF, where due to the angular ave
ing, all information with regard to orientation is lost. Th
makes the resolution of the copper-oxygen pair correlati
and any distortions associated with them practically imp
sible from other pairs, i.e., Y-O, Ba-O, O-O.

We implemented the isotope difference pair density fu
tion ~DPDF! analysis. We investigated two optimally dope
samples, made of isotopically pure65Cu and63Cu elements.
Using the difference in the neutron scattering lengths of
two copper isotopes, a DPDF with respect to copper w
7558 ©1999 The American Physical Society
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PRB 60 7559LATTICE EFFECTS OBSERVED BY THE ISOTOPE- . . .
obtained which is analogous to an XAFS measurement
formed at the Cu absorption edge. The advantage of the
tron DPDF, however, is that it has greater resolution. A qu
pronounced distortion in association with the planar copp
apical oxygen pair is observed, which is manifested as a s
in the bond to two. While this split shifts with temperature,
is consistently present in the local atomic structural state
the vicinity of TC . This distortion originates primarily from
motion of the planar copper and not of the oxygen atom
along thec axis of the crystal. The analysis additionally co
curs that the probability of a chain copper-apical oxygen
teratomic distance with a separation of 0.135 Å is actua
very small. Secondary lattice effects other than the pla
copper distortions arise from chain defects and buckling
the planes.

II. SAMPLE PREPARATION AND DATA ANALYSIS

Polycrystalline samples of YBa2
63Cu3O7 and

YBa2
65Cu3O7 ~about 15 g each! were synthesized from sto

ichiometric mixtures of Y2O3, BaCO3,
63CuO, and65Cu us-

ing a wet-chemistry method. Weighed powders were d
solved in nitric acid at room temperature. Ammoniu
hydroxide and citric acid were added to obtain a comp
citrate solution with pH;5. The solution was dried at 200
300 °C and decomposed in air at 500–600 °C. Sintering
done in air at 850 °C. Samples were pressed into pellets
fired in flowing oxygen at 950 °C followed by fast cooling
room temperature. Annealing was done in oxygen at 400
for two days. The wet-chemistry method leads to de
samples with homogeneous mixing of metal ions. The pu
of the samples was checked by powder x-ray diffraction
room temperature. Both samples showed clean x-ray diff
tion patterns with sharp peaks corresponding to the expe
orthorhombic structure. The susceptibility measureme
were performed with a Quantum Design Physical Proper
Measurement System using ac magnetic fields at 20 Oe
200 Hz. The resistivity was measured using standard fo
leads dc method in zero applied field on cut bars with
proximate dimensions 103231 mm. Both samples exhibit a
superconducting transition atTC592.5 K, determined from
the magnetic susceptibilityx and resistance measuremen
performed for each sample@Figs. 1~a! and 1~b!#.

The experiments were performed at the Intense Pu
Neutron Source~IPNS! of the Argonne National Laborator
using the Glass, Liquids and Amorphous materials Diffra
tometer ~GLAD! and data were collected at temperatu
close to and at the transition for a total of 12 h per tempe
ture point per sample. The structure functionS(Q) deter-
mined from the diffraction pattern was normalized by t
neutron scattering lengths for63Cu (b56.43 fm) and65Cu
(b510.61 fm).20 For a multicomponent system, the total d
namic structure factor is given by the following expressio

S~Q,v!5(
a

caba
2Sa~Q,v!1(

a,b
cabacbbbSa,b~Q,v!

~1!

with ca as the atomic fraction,ba as the neutron scatterin
length, and the bars indicating averages over the spin
isotope states of each element. The first and second term
due to self- and interference scattering, respectively.
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The PDFr(r ) is a real space representation of atom
correlations obtained through a Fourier transformation of
S(Q) ~Ref. 21! where the S(Q) is an integral over
energy:22,23

S~Q!5S@Q~v50!#5E
2`

`

S@Q~v!,v#dv, ~2!

r~r !5r01
1

2p2r E0

Qmax
Q@S~Q!21#sin~Qr !dQ. ~3!

The PDF’s of the two isotopic samples were processed un
identical conditions using the same terminationQmax point as
well as the same background subtraction. The highestQmax
used in the analysis was 35 Å21. Subtraction ofr(r ) of one
isotopic material from the other at constant temperature p
vides the difference PDF~DPDF! with respect to Cu alone.24

It is normalized by the corresponding average scatter
lengths ^b& so that the true intensity is recovered and t
difference in the peak amplitude is only due to the differen
in the neutron scattering amplitude for Cu:

DPDF~T5const!5@^bCu65&2r~r !Cu652^bCu63&2r~r !Cu63#.
~4!

Any pair that does not include the copper atom will be su
tracted out. The resulting DPDF provides the local atom
structure with respect to Cu. This allows us to trace the te
perature dependence of the copper to oxygen distances w
out obscuring the peaks that include this pair with other
desirable pair correlations such as from Ba-O and Y-O t
have similar bond distances in the crystal structure. The s

FIG. 1. The resistance and magnetic susceptibilityx plots of ~a!
the 63Cu-YBCO and~b! the 65Cu-YBCO compounds. TheTc of
each sample is at 92.5 K.
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7560 PRB 60LOUCA, KWEI, DABROWSKI, AND BUKOWSKI
traction was done both in real space and in reciprocal sp
in which case theS(Q)’s were subtracted, and the resu
were identical.

The Rietveld refinement of the neutron diffraction patte
confirmed the known crystal structure symmetry25 and pro-
vided the atom parameters and unit cell dimensions.
refinement of the occupancies yielded an oxygen conten
about 6.9260.02 for both the 63Cu and 65Cu-YBCO
samples. The thermal factors show small differences betw
the two samples. Some of the results of the refinement
summarized in Table I. A model PDF can be calculated fr
the atomic coordinates and unit cell dimensions defined
the constraints of thePmmmsymmetry to provide a one
dimensional function of the atomic pair distance correlatio
The model PDF for the local structure is constructed in
following way:

r~r !mod5(
i , j

cicj

bibj

^b&2 d~r i2r j !e
~r i2r j !

2/2s2
, ~5!

whereci is the concentration of atomi in the unit cell. Thed
functions correspond to distances in real space separa
two atoms. They are convoluted by a Gaussian funct
which broadens the peak width simulating quantum ze
point motion and thermal vibrations. The peak widths is
refined to best fit the experimental peak widths. The mo
for the local structure with input parameters obtained fr
the Reitveld refinement is shown in Fig. 2~a! and 2~b! ~solid
line! and is compared to the experimentally determin
PDF’s for the 65Cu-YBCO and63Cu-YBCO compounds a
112 K ~symbols!. The agreement between the model a
experiment is quite good as can be seen up to 8 Å. This
be additionally quantified by the agreement factorA defined
by

A5F * r 1

r 2@rexp~r !2rmod~r !#2dr

@r0* r 1

r 2dr#2 G 1/2

, ~6!

whererexp andrmod are the experimental and model PDF
andr0 is the average number density.r 1 andr 2 , the limits of
integration, are taken from 1.7 to 10 Å. TheA factor is a
measure of the goodness of fit between the model and
periment, similar to theR factor in the Rietveld refinement
For the model shown in Fig. 2~a!, A50.116. At the same
temperature, a comparison of the63Cu-YBCO compound

TABLE I. The results of the Rietveld refinement of the neutr
diffraction patterns for the positions of the atoms in the aver
crystallographic structure and atomic occupancy for the t
YBa2

63/65Cu3O7-d isotopes.

Atom

YBa 2
63Cu3O7-d YBa 2

65Cu3O7-d

Position Occupancy Position Occupanc

Y 1
2,

1
2,

1
2 0.998 1

2,
1
2,

1
2 1.006

Ba 1
2,

1
2, 0.1846 1.001 1

2,
1
2, 0.1844 1.002

O1 0, 1
2, 0 0.928 0,1

2, 0 0.934
O2 1

2, 0, 0.3785 1.003 1
2, 0, 0.3786 1.001

O3 0, 1
2, 0.3780 1.010 0,12, 0.3779 1.002

O4 0, 0, 0.15845 0.982 0, 0, 0.15865 0.987
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with the model yields an agreement ofA50.110@Fig. 2~b!#.
As can be seen, both samples agree quite well with the
ready existing crystallographic model. For comparison,
Ni element used as a standard in the analysis provides
agreement factor ofA50.180, with the known fcc model fo
the Ni crystal.

III. RESULTS AND DISCUSSION

The model PDF’s for the atom specific, or partial, PDF
~PPDF! with respect to the two crystallographically distin
types of copper atoms, Cu1~chain! and Cu2~plane!, are
shown in Fig. 3. They provide a local atomic representat
with regard to the copper ion alone, enabling the identifi
tion of pair correlations at specified distances. The PPD
include all pair correlations with respect to copper, includi
the Y and Ba as well as self-correlations. Some of the pe
are labeled including the Cu1-O4 at 1.9 Å and the Cu2-O4
2.3 Å peaks. As can be seen, the Cu1-O4 peak is found a
same distance as the Cu1-O1 and the Cu2-O2/O3 cor
tions. On the other hand, the Cu2-O4 peak as seen in
Cu-PPDF is completely isolated as it does not overlap w
any other Cu-O bond. For comparison, this small peak
completely obscured in the total PDF, as the Cu2-O4 bo
overlaps with the Y-O2/O3 and the Ba-O pair correlation

Substraction of the total PDF for63Cu-YBCO from the
63Cu-YBCO yields the Cu DPDF. The experimental C
DPDF determined at 112 K~symbols! is also shown in Fig. 3
and is compared to a model DPDF for Cu~solid line!. This
model is built using the average crystal structure as the m
frame superimposed with some local distortions, and the

e
o

FIG. 2. The experimentally determined PDF of the~a!
65Cu-YBCO and~b! 63Cu-YBCO~solid line! determined at 112 K is
compared to a model PDF~symbols! for the average crystal struc
ture with the parameters listed in Table I.
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PRB 60 7561LATTICE EFFECTS OBSERVED BY THE ISOTOPE- . . .
tails will be given further below. The first peak in the DPD
centered around 1.92 Å corresponds to the pair correlat
given in Table II as determined from the partials for the tw
types of copper atoms and includes the Cu1~chain!-
O4~apical! bond. The FWHM of this peak is 0.15 Å which i
broad and originates from the cumulative sum of all the bo
pairs listed in Table II. These pairs vary slightly in the
actual bondlength from the average 1.92 Å separation, giv
rise to peak broadening. The second peak in the DPDF a
Å corresponds to the Cu2-O4 pair only. As seen from the
function of Fig. 3, only the Cu2-O4 pair has a correlati
with this bond length, making it unique in the DPDF. Th
amplitude of this peak is considerably smaller than that
the first peak in the function because it consists solely of
one pair, in contrast to the first peak which consists of a to
of four different kind of pairs.

From the normal to the superconducting state, the lo
Cu environment changes as a function of temperature in
way shown in Figs. 4 and 5~short scale!. Significant differ-

FIG. 3. The PPDF’s for Cu1 and Cu2 showing all correlatio
with respect to copper~solid lines!. Also, the Cu-DPDF determined
in the normal state at 112 K~symbols! is compared to the mode
Cu-DPDF~dashed line!. Note that the Cu2-O4 peak shows a ve
small split, if any, at this temperature. The amplitude of the sec
peak at this temperature is very low, at about the level of noise

TABLE II. Pair correlations of copper-oxygen atoms involve
at the specified distances. The width of the peaks originates f
the spread of the different bondlengths.

Peak;1.9 Å Peak;2.3 Å

Cu1-O4 ~2! Cu2-O4
Cu1-O1
Cu2-O2
Cu2-O3
ns

d

g
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p
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ences are observed in the local atomic structure corresp
ing to the Cu2-O4 correlations, as a function of decreas
temperature. While a single Cu2-O4 peak, with a FWHM
;0.09 Å, is evident in the data at 112 K, by lowering th
temperature, this peak splits into two, at;2.3 and;2.6 Å.
The position of these two peaks shift with temperature ho
ever, getting to smaller bond length values at 82 and 72 K
the expanded scale of Fig. 5, a wiggle is seen in the func
at 112 K at 2.6 Å as in the data at 102 K. However, in t
former case, the amplitude is small, at the noise level, m
ing it difficult to determine whether this peak is present
112 K or not. It is possible that as the temperature is rai
higher than 112 K, this wiggle goes away, indicating t
complete disappearance of the doubling Cu2-O4 correlat
In contrast, the first peak in the PDF shows very little chan
with decreasing temperature. The width of this peak does
vary significantly with temperature indicating that th
Cu1-O4 correlations do not exhibit a noticeable change d
ing the transition process. In addition, by comparing the d
above and belowTC , it can clearly be seen that the loc
atomic structureat TC is quite different than the one abov
and below. This could suggest coupling of the transition
the lattice.

d

m

FIG. 4. The Cu DPDF at 112, 102, 92, 82, and 72 K. The d
at each temperature are compared to a model for the Cu-DPDF.
agreement between the model and experimentally determ
DPDF is quite good at all temperatures but some deviations
observed between 2–3 Å. As can be seen, a split in the Cu2
correlations develops aboveTc and it is still present in the super
conducting state.
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The doubling of the Cu2-O4 pair correlations is additio
ally observed in the total PDF for the local structure by loo
ing at differences in the PDF’s with temperature per isoto
sample, separately. This is done by summing all the PD
measured aboveTC and taking the difference from th
summed PDF’s measured below~Fig. 6!. The data collected
at 112 and 102 K are relatively close in temperature a
summing them up improves the counting statistics a
makes the subtraction more reliable. The same holds true
the data at 82 and 72 K. The same substraction was ca
out for both samples and the difference is shown as the b
line in the two panels of Fig. 6. In the region of the expec
Cu2-O4 peaks, from 2.2–2.5 Å, the difference line is n
zero as the Cu2-O4 peaks was shown to shift with temp
ture above. This provides added confirmation on the p
ence of this local atomic undulation instigated around
transition.

The data show that the Cu2-O4 pair correlations bifurc
with a separation of about 0.25 Å. However, the absol
magnitude of this separation might not be as reliable beca

FIG. 5. The Cu DPDF above, at and belowTc at a short scale to
amplify the Cu2-O4 correlation region. Note a shift of the Cu2-O
bonds to lower values in the superconducting phase in contra
the values in the normal state.
-
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of the limitations in the Fourier truncation and due to a p
ticular dynamic effect of the spectrometer. It can be seen
as the value ofQmax over which the transform is extende
varies, the position and separation of the two peaks vary
well ~Fig. 7!. In the lower limit, for the lowest value o
Qmax523 Å21 ~dashed line!, the resolution between the tw
peaks is limited and one observes a very broad peak with
weight falling under the more intense peak. In the upp
limit, using a higher cutoff ofQmax enables the resolution o
the two peaks, but the absolute peak positions shift. Con
quently, one can consider that such a double Cu2-O4 pea
present, where23 of the pairs are close to 2.25 Å and1

3 are of
a somewhat larger separation. In addition, the lattice dis

to

FIG. 6. ~top! 63Cu-YBCO, ~bottom! 65Cu-YBCO. A difference
~solid line! in the total PDF obtained by subtracting the data in t
normal state from the data collected in the superconducting s
The split in the Cu2-O4 region is still present as in the DPDF’s

FIG. 7. The dependence of the positions of the Cu2-O4 pe
with the terminationQ vector. Reducing theQ cutoff reduces the
resolution between the two peaks.



gh

. I
cs
m
o

r
m
ar
D
it

ttic
e

e

ta
w
de
In
n

fe
a
o
n
of

t
si
tio

u

y,

ns
th
om
e
n

he

e

n
i

he
O
a
th

ity
th
.

en
en

a
o

O4

ed

Å
rst
the
w-
he
O4
nd
r-

-
on,
of
ed
ites
ar
not
d by

ci-
nce
es as
ly
the
ns,

ons
ing
em-
-

sily
ns

ac-
d-
4
ds
rise
re
sed

his

cies

PRB 60 7563LATTICE EFFECTS OBSERVED BY THE ISOTOPE- . . .
tions induced by displacements of the Cu2-O4 pair mi
also be dynamic. TheS(Q,v) at GLAD is integrated over
energy, mixing up static and dynamic events if present
reality however, the integration is limited by the kinemati
of the spectrometer giving rise to an energy cutoff. The li
ited vc provides added complications in the determination
PDF in the case where lattice excitations are of the orde
vc . Distortions can be introduced in the Fourier transfor
such as shifts in the peak positions, which are not necess
real where these shifts depend on the diffraction angle.
tails of this phenomenon can be found in Refs. 17, 26 w
several examples of other systems showing dynamic la
effects. Such an effect might be present in this case as w
suggesting that while the two peaks in the PDF are pres
their exact separation cannot be well defined.

From Fig. 2, the model PDF for the long range crys
structure compares well with the experimental PDF. Ho
ever, some small discrepancies between the two are evi
which can be minimized through real space refinement.
similar manner to the Rietveld refinement, the ionic positio
are adjusted to reduce theA factor. The first part of the
model takes into account disorder, localized around de
sites. In the current case, small displacements of atoms
introduced in the vicinity of vacancies found in the chains
the structure. The amplitude of the atomic displaceme
away from equilibrium is small. As there is about 1%
vacancies in these samples, it is reasonable to assume
some localized deformations centered around the defect
in the chains can be created. To simulate such a distor
we assumed small displacements of the chain copper, C
the Ba and the planar oxygen, O2, of 0.1 Å in thea direction,
0.05 Å along thec axis, and 0.12 Å towards the vacanc
respectively. This improved the model.

Further structural refinement which included distortio
of the Cu2 and O4 atoms yield even better results. In
case, the motion appeared to be most favorable if the at
were displaced along thec axis of the crystal but in opposit
orientations, by 0.05 Å. These small atomic displaceme
from their ideal crystallographic sites improved the fit of t
model to the data by lowering theA factor even further~A
50.107 for the65Cu-YBCO andA50.090 for 63Cu-YBCO
with slightly different sigmas for the peak widths!. The dif-
ference in theA factors between the two samples com
mostly from the fact that the PDF peaks of the65Cu samples
are sharper because of its larger scattering amplitude tha
63Cu sample. The resulting PDF for the refined model
shown in Fig. 8. The nature of the atomic distortions in t
CuO2 planes are consistent with other studies of the YBC
system.27 Displacements other than the ones stated incre
the differences between model and experiment. Overall,
outlined distortions contribute to a local inhomogene
which gives rise to a very good agreement between
model and experiment in the Cu-DPDF as seen from Fig
as well as in the total PDF~Fig. 8!. Further modeling is
required however to reproduce the temperature depend
of the split in the Cu2-O4 correlations as seen experim
tally. In the current distorted Cu-DPDF model~solid lines,
Figs. 3 and 4!, a number of Cu2-O4 pairs have short bonds
2.21 Å in addition to the pairs with average separation
2.315 Å. This does indeed provide a split in the Cu2-
t
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correlations in the model as well, but the details still ne
further attention.

If a split in the Cu1-O4 bonds of the order of 0.135
develops in the superconducting state, the width of the fi
peak in the experimental PDF would almost double and
height would come down. This is not what is observed, ho
ever. In addition, from the above distorted model for t
local structure, it can be deduced that two types of Cu1-
bonds are likely to be present locally, one at 1.845 Å a
another at 1.872 Å. This difference in the Cu1-O4 inte
atomic distance~0.027 Å! is considerablyless than the sug
gested value of 0.135 Å by XAFS studies. For comparis
the crystallographic model provides only one type
Cu1-O4 bond, at 1.845 Å. But with the above distort
model, it has been possible to introduce a number of s
with a somewhat longer Cu1-O4 bond which is still not f
from the average value. However, the current model can
accommodate distortions as large as the ones suggeste
XAFS studies.4

It is quite unexpected to observe local distortions asso
ated with the Cu2-O4 peak and not the Cu2-O4 pair, si
both coppers are bonded to the same O4 atom. This serv
a clear indication that such a lattice distortion most like
results from displacements of the copper atoms found in
planes. If the oxygen atoms, O4, were driving the distortio
one would have expected both peaks involving Cu1-O4~1.92
Å! and Cu2-O4~2.25 Å! pairs to change. That is, if the
source of the distortions was the O4 atoms correlati
changing in going from the normal to the superconduct
state, both of these peaks would have exhibited some t
perature variation~Figs. 4 and 5!. This is not the case, how
ever. The separation proposed previously4 of 0.135 Å of the
Cu1-O4 bonds is substantial which would have been ea
identified with the technique used in this study. This mea
that in reality, the O4 atom does not exhibit any unchar
teristic displacements from its ideal position and this is a
ditionally confirmed by our Rietveld thermal factors for O
which are very small and spherically symmetric. This lea
to the conclusion that any observed chain lattice effects a
partly from static distortions which exhibit some temperatu
dependence but do not appear to be linked to the propo

FIG. 8. The experimentally determined PDF at 112 K~symbols!
is compared to a distorted model for the crystal structure. T
model includes distortions of the Cu2-O4 pair along thec axis of
the crystal, in addition to some displacements around the vacan
which involve the Cu1, Ba, and O2 atoms.
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mechanism of charge transfer from the chains to the su
conducting planes. On the other hand, more pronounced
tice effects appear to be linked with distortions of the pla
copper atoms. One would expect that the motion of C
would also distort the Cu2-O2/O3 correlations. However,
the extreme case of a Cu2 displacement of 0.2 Å, the C
O2/O3 bonds would change by 0.01 Å which is barely n
ticeable if the motion were perpendicular to the plane. Bu
the case where the displaced motion were parallel to
plane then the Cu2-O2/O3 bonds would change significan
Thus, the direction of distortion of the Cu2 ions has to
along thec axis of the crystal.

In conclusion, we studied the local atomic structure of
YBCO superconductor to investigate the nature of the lat
effects during the phase transformation. This is a succes
use of the isotope DPDF technique for a superconduc
Evidence for the coupling of the local lattice effects to t
R.
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superconducting transition in this system is provided. P
sible copper displacements in the superconducting planes
the cause of the double Cu2-O4 interatomic distance co
lations in the vicinity ofTC .
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