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ABSTRACT

The local environment about oxygen atoms in the Cu0O, plane in
YBasCu,0- single crystals has been investigated by orientation-dependent X-
ray absorption fine structure (XAFS; spectroscopy at the O 1s edge using
bulk-sensitive fluorescence-yvield-detection method.  Within experimental
accuracy (=C.03 A) no structural change in locz]l ordering about oxygen

atoms in the CuO, plane at 90 K bas been detected.

INTRODUCTION

Orientation dependent x-ray absorption fine structure (XAFS)
spectroscopy at the O 1s edge is a usefu! tool to investigate local orderng
around oxvgen atoms.  Lhis method was applied to the YBasCuyOs
(Y123) suyerconductors. Basic blocks o° these svstems are the CuO4 planes,
formed by Cu(2). 0{2) and O'3) atoms. paraliel to the a- and b-axis. and the
CuO chains along the b-direction, formec by Cu(1). O(1). and the apex O(4)

atoms. The 0{2)-Cu(2) bond is oriented along @-axis. By chosing the




orientation of the x-ray electric Evector parallel to the a-crystallographic
axis of the single crystal one can selectivly probe bonds formed by O(2)

atoms with its C..,(2) neighbor in the CuO, plane,
EXPERIMENTAL

Single crystals of Y123 were grown in a ZrO, crucible and oxidized to
show a sharp superconducting tranmsition at 91 K. They were beated in
flowing oxygen to 400 °C and subjected to uniaxial stress while slowly cooling

1 The samples were glued to the

them down to form twin free samples.
sample holder using silver paint and oriented to permit measurements with
the E vector of the x-rays parallel to the s-axis of a single crystal. They were
then mounted in a vacuum chamber near the soft-x-ray fluorescence detector.
The soft-x-ray absorption at the O ls edge was measured at the U 15 beam
line at the NSLS at Brookhaven National Laboratory.  During the
experiment, the monochromator resolution was set at ~ 1.5 eV. The oxygen
Kq fiuorescence yield was monitored by means of a low pressure parallel
plate avalanche chamber.® All measurements were performed in an energy
range 500 < hw <780 e\, The upper limit of the XAFS spectra was
restricted by the interfering presence of the Ea M,' edge thus limiting the

accessible energy- ergo k-range.

RESULTS

The spectra were first corrected for the thickess effect® and then
normalized to the photoabsorption edge jump by standard procedures® using
wables published by Heuke e: al.” I\'onlinea.rir_\: of the bearn monitor which
consisted of a mesk coverd witk P40-Y2 phosphor was accounted for using
data published by Yang et al.b A corrected spectrum: obtained for Effa
at 90 K together with a cubic spiine used to obtain XAFS is shown in

Fig. 1. The XAFS interference functior is defined as

plk) = (k) (ko)
k)= - X
ﬂ(fii) Lalk)

(1)



Table 1. Effective contribution to XAFS at the O 1s in Y 123 for E//a.

Crystal structure parameters were obtained by neutron diffraction.’

Absorbing Backscattering Reiative Effective
atom : atom disctance (A) coordination N *
0(2) Cu(2) 1.93 11.84
0(3) y 2.38 7.8
0(2) 0(3) 073 11.76
0(3) 0(2) 2,73 11.76
0(4) Ba 2.74 11.68
o1 Ba 2.88 5.28
0:3) Ba 2.97 4.96
0(2) 0(4) 2.20 4.96
) 0(2) 3.20 4.28

Based on the data gathered in the Table I the dominant peak in the
magnitude of Fourier transform, between 0.8 and 2.4 A is due to' XAFS
interference from O(2) - Cu(2), O(3;-Y and 0O(2.3) = 0(3.2) pairs. The
incorporation of Ba shells to the model XAFS funcuon gave rise 10 a very
poor fit. This means that contribution from O- Ba pairs to the considered
peak is neglegible. In other words in this orientation the dominant
contribution to the XAFS is given by neighbors of oxygen atoms :n the Cu0,
plane (see also Figs. 3 and 4). In order to spectrally isolate the firs: three
shells the XAFS spectrum was backtransformed using window shown in
Fig. 2. The resulting xy(k) function is shown in Fig. 3 as open circles. A
theoretical XAFS was then fitted and the result of this procedure is
represented by solid line. "Amplitude and phase functions were obtained frem
tables published by Mckale et al¥ with exception of the phase function for
O-Cu pair whict was taken from the table published by Sidh:.9
Contributions due to izdividual shelis are also shown in the same figure. In
Fig. 4 the quality of the obtained fit is vervfied by comparison of the
experimental magnitude and rea! part of Fourier transform together with the
respective transforms of the fit. Contribution from individual shells are also
shown. Parameters of the threc shell model used to obtain the best fir are
collected iz Table II.



Where k is the wavevector of the emitted photoelectron, k; and k; are it‘s
values at the O 1s edge (assumed 532 eV) and at E; = 570 eV. pu(k) is the
measured absorption coefficient, uy (k) is simulated by cubic spline atomic-
like absorption above the O 1s edge and ugp(k) is the calculated photo-
absorption due to oxygen only.® The obtained y(k) function is shown in

E//a ‘

Magnitude of FT

FE——1

Fluorescence yleld (arb. units)

800 550 600 650 700 750 8OO

Photon energy (eV)

Fig. 1. Corrected FY spectrum ~ Fig. 2. XAFS spectrum and magnitude
t.ansform obtained for E//a at of its Fourier transform. The window

90 K: circles. up(E): solid line. used to backtransform is also shown.

Fig. 2 together with the magnitude of its Fourier transiorm. Due to selection
rules only some sclected neighbors of the central oxvgen atom contribute to
the O 1s XAFS signal, see Table 1. The effective coordination number N,*

describes the contribution of tae i-th stell to the XAFS signal and is given by

N =33 cosa; (2)

The index j denotes the individual atoms ir the i-th shell. a. is the angle
J

between the vector I, from the central atom to the j-th atom in the i-th shell

and the electric field vector F of the x-réys.



Table

1.

Parameters of the best Jeast-squares curve-fit of the three shell
model.
1 O - X pair R(A) N* c'2(10’3 Az) o*  from references
fitted fitted W) b [ [d
0(2)-Cu(2) 1.90£0.03 136x20 6.5=%2 20 6.5 6.3 1.7
O(3)-Y 2.36+0.03 9.0x14 20£0.7 50 7.0 85 -
0(2.3)-0(3.2) 2.70£0.03 27.0%4 1795 - 150 - -
& From Ref. 10}, polyerystalline samples at the Cu and Y K edpes at 77 K
c.

b. From Ref. (11}, polycrystalline samples at the O K edge at 110 K.

From Rel. [12], polyvcrystalline samples doped with Zn at the Cu and Y K
edges at 300 K.

d. From Ref. [13], polycrystalline samples at the Cu K edge at 20 K.
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Fig. 3. Filtered XAFS spectrum (open circles) wvs. fit
Contributions form different sbells are also shown. '

(solid line).

At this point we would like to note that the lenght of bonds is practically

unchanged within error limits ( ~ = 0.03A) as compared to crystallographic

data at room temperature. This was also observed by Gurman et al.}¢ and
Maruyama et al.}® in polycrystalline samples.

The amplitude reduction
factor Sg for small k (3.5 <k <8 A1y due to oxygen shake-up and shake-off
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Fig. 4. Magnitude (open circles) and real part (crosses) of the filtered Founer
ransform shown in Fig. 3 vs it (solid line and dashed line, respectively).

Contributions from different shells are also shown.

effects can be estimated as equal to 0.87 = 0.15 which is close to the expected
value.}d The obtained Debay-Weller {actors are close to results obtained for
polycrystals. However, contrary to earlier investigations. due 1o application
of orientation dependen. XAFS 1o singie Y123 crystal the Gata OL

O(2) = Cu(2) bonc are obtained in a direct way.

CONCLUSIONS

In summary, the O ls S AFS spectroscopy at 90 h was applied to a
single twic free crystal of \'Ba,Cu30; bigh- T, superconductor with the x-ray
electric field E-vector parzllel to its a@-axis. In this orientation mainly
neighbors of oxygen in the CuO, plane and specifically the 0(2) - Cu(2)
bonds are probed. Within ezperimental accuracy (% 0.03 A) no structural



change in local ordering about o:r:yjcn 0(2) atoms in the CuOy plane at 90 K
has been detected.

The work by the Buffalo group and at Brookhaven is supported by DOE.
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