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INTRODUCTION

Metallic substitution studies have enhan@eda understanding dhe superconducting and
normal state properties of high-Superconductors. Substitution mktals in YBgCu,O,,,
(YBCO) usually depresses .;Tand hasother negative effects on the superconducting
properties. The superconducting properties MBCO depend not only orthe oxygen
stoichiometry but also otihe oxygen ordering. Substitution of Gan provide aelective
tool to investigate the specific effects because depending on the dopant characteristics, the
substituted compoundmay exhibit modified microstructures without any substantial
change in the overall oxygen content. Much work has been done in this dir@ciatent
metalions like Fe, Co, or Alreplace Cu irCul site on the Cu-O chain ardkepress T
more slowly than divalent Zn and Ni whiceplace Cu irCu?2 site in the CuO2 plang].
Substitution of Cu by Fe may lead to (i) reduction gf (if) structural transformation with
increasing impurity concentration, (iii) increase a@xygen content accompanied by a
rearrangement of oxygen, and (iv) local magnetic ordering. When Cu is replaEed the
oxygen atoms might rearrange themselves in order to priwdaost stable Fsite. This
modifies thelocal electronicdensities ofstates.Little is known about the variation of
electronic structure due to tleibstitution.Yang etal. [2] have studied the variation of
electronic structure oy BCO upon Fe doping, athe Fe siteusing x-ray absorption
spectroscopy (XAS). In this study we compliment their workinwestigating O siteising
XAS.

EXPERIMENTAL

Polycrystals of YBgCu, ,Fg O,,, (YBCFO) with starting x values d§.01, 0.05and0.15

were prepared by standard solid sta&ctionmethod.The critical temperatures of these
samples were determined by standard four-probe technique, using a constant current source
and a Keithly-181 nano voltmeter. X-rdjffraction patterns of the samplegre obtained

using a Phillips PW170&utomated diffractometer. Thanalysis is computesssisted so

that the interplanaspacing values can be correcfed the instrumenterror function by
analyzing a silicon standard and subsequent phase identification.



X-ray absorptionnear edge structur€(ANES) measurements were performeding
Advanced Light Source at Lawrence Berkeley National Laboratory on bea®rBiriz[3].
High-resolution XANES spectra were taken in the Ba M and O K absorptionredgas,

while the monochromatoras set at a resolving power (&) of > 7000.The YBCFO

poly crystal samples were cooled to about 90 K before scraping them in a vacuum of about
1x10™ Torr, in order to minimize oxygen loss from the fresh surfd¢eSince the size of

the synchrotronradiation photorbeam at the sampl@as ~1 mm, it wasiot difficult to

align thesystem tomakesurethat only the samplavas illuminated by thephoton beam.
XANES measurements were performed usingpdial electron yield detect@onsisting of

40 mm channel plates in the pulse counting magdsighal from a freshly evaporated gold

grid was used for normalization of spectra.

RESULTS AND DISCUSSION

The zero-resistance transition temperatures of the sample®93, 92and 71 K for x =
0.01, 0.05 and 0.15 respectively. TKBD patterns confirmethat allthree samples have
single phase with orthorhombic symmetry. This is consistent whth resistivity
measurements that revealed all three samples were superconducting.
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Fig.1: O K edge of YB&u,,Fe O,,, poly crystals at 90 K as a function of x.



Fig.1 showshe O K edge of YBCF@oly crystals at 90 K as a function of x. Energy
scalewas corrected by comparing Ba M edge of the samplés that of YBaCu,O,,

single crystal[5], with the assumptiorthat the Fesubstitution does natffect Basite. A
straightline fitted to theregion before thpeaks (below 528V) hasbeen subtracted as
background.The spectrahown inthe figures have not been smoothedfittered in any

way. Two small peaks at524.5 and 526.5 eV (labeled A and B respectively) and a
prominent peak at 530 eV (labeled C) precede the mainveigh starts at aboli31 eV.
Multiple scattering calculations assign peak A and B to holes in O sitke GuO2 plane

(02 and O3) and Cu-O chain (O1) respectiJély Intensity of peaks A and B decreases
with increasing Fe content, indicating hole filling in both CuO2 plane and Cu-O chain. This
is in agreemenwith the recentresults from Mossbauer Spectroscopy and neutron
diffraction [6,7]. Furthermore, this seems to supptrat T. degradation with increasing

iron substitution is due to hoféling. In other words, Feenters the structure primarily in

the formally trivalent oxidation state. We interpret the peak C as the signature of the O holes
being removed and localized arouhe Fesites inthe compound. Notéhat the intensity

of this peak increases with increasing Fe content. Our interpretation is further supported by
the generabbservationthat many of the insulating transitionetal oxides exhibit such

sharp peaks between 529 and 530 eV in the O K edge spectra [8].

CONCLUSION

In summary, our high-resolution XANES spectra at O K edge in,G8gFe O,,, for x =
0.01, 0.05 and 0.15 sholole filling with increasing Fe content in both CuO2 plane and
Cu-O chain. Thismeans that Fenters the structure primarily in the formatiyvalent
oxidation state. A detailed study of this work including Gahd Fe L , edge regionsvill

be published in the near future.
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