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Abstract

X-ray absorption (XAS) and emission (XES) spectroscopy near O K edge has been performed on edge-shared CuO chain compounds
Ca,,Y2_.CusO1 (0.0 < x < 2.0) using poly- and single-crystalline samples. Two large peaks are observed at 528 eMdP30 eV (B)
in the XAS spectra. The intensity of the Beak monotonically increases and that of thhenfonotonically decreases with hole doping. The
two characteristic peaks in the XAS spectra giaRd R, which are assigned for the polycrystalline samples to the hole and upper Hubbard
band (UHB) states, respectively. The theoretical calculations reproduce the experimental XAS results, especially tipetatkheétreases
by hole doping. The spectral weight transfer from tiygoak to the R peak of the edge-shared chain by hole doping is strongly suppressed
in comparison with that of the Cu@lane. From the single crystal measurements of undopgdCai 0,0, the spectra of XAS and XES are
interpreted in terms of a square-like Cuglaquette for the compound. As for the hole-dopedY@zus0;o sample, the plaquette containing
a doped hole is found to be square-like, and the plaquettes with no doped holes are found to be rectangle-like. We concluded that the doped
hole is localized associated with the lattice deformation. The electric properties are discussed based on our result.
© 2004 Elsevier B.V. All Rights Reserved.
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1. Introduction context of superconductivity of a highly correlated electron
system, because an even-leg ladder system has a spin-gap.
It has been about 18 years since the first report on high This gives the possibility of superconductivity in the spin-
T. superconductors (HTSCs) by Bednorz andlldr [1], but gap system as pointed out by Dagotto and Rice, who have
the origin of highT, superconductivity is controversial even predicted a spin-gap in even-leg ladder compounds and su-
now. The issue is related to the highly correlated electron perconductivity in these compounds with hole dopiah
systems in the two-dimensional Cg@lane. Recently, lad- Superconductivity has been not found in pure ladder
der compounds composed of one-dimensionat@uahains compounds, but Uehara et al. have reported that the com-
have been focused on experimentally and theoretically in the pound Sg4Ca;36CU4041 shows superconductivity under
high pressur¢3]. This discovery has motivated research in
* Corresponding author. Tel.: +81 424435456; fax: +81 424435501. low-dimensional system(@-6], but unfortunately, the spin-
E-mail addresseiki@santa.pc.uec.ac.jp (E. Kabasawa). ladder compound 34, Ca,Cup4041 contains both the two-
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leg ladder structure and the edge-shared chain structure. Thuslirectly measured. Because of the dipole transition between
there is ambiguity regarding the hole distribution between O 1s and O 2p orbitals, XAS and XES of single crystals
these two structures. Although the theoretical prediction of provide direct information on the PDOS of oxygen on selec-
superconductivity in the hole-doped even-leg ladder systemtive p-orbitals. However, for interpretation of XAS and XES
seems to be realized in this compound, the electronic prop-spectra, we must take into consideration of p—d hybridiza-
erties of the ladder structure have not been clarified becausdion and the crystalline configuration of Cu and O. Chen et
of its complex crystal structure mentioned above. Therefore, al. [20] first pointed out the relationship between the hole-
the study of simple structure compounds which contain only number in the Cu@plane and the intensity of the hole and
chainsorladders, isimportantin order to clarify the electronic upper Hubbard band (UHB) states in XAS for polycrystalline
structure of low-dimensional cuprates. Lay_,Sr,CwO4 (LSCO). That is, with increasing holes in

The compound Ca.,Y2_,Cus019 contains only edge- the CuQ plane, the hole-state spectral weight increases and
shared CuO chain structure, and has a solid solution rangeUHB states decrease, respectively. They have reported that
of 0.0 < x < 2.0. This compound is suitable for research the intensity of UHB in then = 0.2 sample decreases to
into the electronic properties of chain structures because ofabout one-half of that of the undoped sample. Thereafter,
its simple crystal structure and the control of hole concen- Eskes et al[18] have discussed the hole-number depen-
tration provided by changing the trivalent Y ion content dence of the total-spectral weight of X-ray photoemission
The crystal structure of the compound is closely related to spectroscopy (XPS) and inverse X-ray photoemission spec-
that of NaCuQ and contains one-dimensional edge-shared troscopy (IXPS) taking the p—d hybridization into considera-
CuO chains along the-axis [7—10]. Miyazaki et al.[11] tion. They have pointed outthat the hole-state spectra strongly
have analyzed the crystal structure of {CaY,)o.g2CuQ® depend on the p—d hybridization, i.e. for low-doped region,
(0 < x < 0.435) by means of the Rietveld method using pow- the intensity of the hole state for the p—d hopping integral
der X-ray diffraction. They have discussed the dependencerpg = 2.0V is about three times than thatgf = 0.0eV.
of the Cu-O inter-atomic distance and the angle of@+0O However, they only discussed XPS and IXPS results, and did
along thea-axis on the hole concentration per Cu ion, not explore XES and XAS. Thus the p—d hybridization de-
Thereafter, Isobe et dl12] have studied the crystal structure pendence of the spectral weight for XES and XAS remains
of Cap.g24CuUQ, (n = 0.35) by the Rietveld refinement of X-  to be carefully considered. Hu et §l9] have discussed the
ray diffraction data using a super-space group. They have de-O K XAS spectrum for the several polycrystalline samples
termined the hole distribution by bond-valence sum (BVS) with edge-shared chain structures in wide hole-doped region
calculation. Hayashi et a[13] have reported electric and (» = 0.0-10). They have reported that the spectral weight
magnetic properties of the compoundCaY,_,CusO1p. transfer from the UHB state to the hole state by hole doping
The hole-doped compound &€aY2_CusO19 (x > 0) is is strongly suppressed in comparison with that of the £uO
not metallic in sharp contrast with the HTSCs containing plane discussed by Chen et @0]: the UHB feature of the
CuQ;, plane which becomes metallic by hole doping. The edge-shared chain is observed even up te 0.67. They
temperature dependence of the electrical conductivity- have studied the XAS intensity of the one-dimensional edge-
dicates variable range hopping in the low-hole-doped com- shared chain of various elements (GgCuQ,, Srp.73CuUQ,,
pound Ca,,Y>_,CusO19 (0 < x < 1.5) and the heavily = and Bag7CuQy) with high hole-doping levels, but the ele-
hole-doped compound @@usO19 shows resistivity of ther-  ments with low-hole-doping levels (cf. HTSC and the spin-
mal activated typgl3]. ladder compound %%, Ca,.Cup4041) have not been studied

Researches on the electronic structure of low-dimensionalin detail. The purpose of the present study is to observe the
cuprates and nickelates (included corner-shared chain anchole-number dependence of the electronic structure of oxy-
edge-shared chain) were performed using photoemissiongen by XAS and XES in aone-dimensional edge-shared chain
spectroscopy (PES) on valence band and 2p core-level of Cusystem with low-hole concentration using the unique crystal
and Ni atom in conjunction with detailed many-body calcula- system Ca,,Y2_,Cus010 (0.0 < x < 2.0). We discuss the
tion including full multiplet interactionfl4—17] Systematic hole state in the edge-shared chain from the polarization de-
changes in the electronic structure with lowering of the di- pendence between the XAS (XES) spectrd?dﬁ—axis and
mensionality have been found to be driven by two factors: (1) Ellc-axis.
a suppression of the non-local contribution to screening and
(2) a systematic decrease of the charge-transfer entergy

The doped holes in cuprates locate mainly on the oxy- 2. Experimental
gen sites rather than the copper sites, as the undoped cuprate
is a charge-transfer insulator. Soft X-ray absorption (XAS) 2.1. Sample preparation
and emission (XES) spectroscopy ne& @K edge is useful
toolin order to clarify the electronic structure of a hole-doped Polycrystalline samples of Ga,Y2_,CusO10 (0.0 <
CuO chain. XAS and XES nearthe O K edge give directinfor- x < 2.0) were prepared by solid-state reaction. Appropri-
mation of the partial density of states (PDOS) of oxygen, i.e., ate amounts of CaC§)99.99%), %03 (99.99%) and CuO
the hole (empty) and electron (occupied) states of oxygen are(99.99%) powders were mixed and calcined at 9D0n air
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