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Abstract 
Preferential substitution of the Cu sites by other elements have been stu­
died to-elucidate the importance of structure (orthorhombic vs. tetragon.al) 
and sites (plane vs. chain) in superconducting YBa2Cu307 oxide.· X-ray and 
neutron diffraction measurements show that Ga3+, Co3+ and Al3+ 

exclusively substitute the Cu(l) sites and Zn2+ substitutes only the Cu(2) 
sites, The resulting superconducting properties shOw that the integrity of 
the Cu;...;()2 planes is far inore important than that of the Cu-O chains in 
sustaining high Tc superconductivity, and oxygen vacancy order is not 
essential to high Tc superconductivity. 

I. Introduction 
Shortly after the discovery of high T0 superconducting YBa2Cu307, it was found 

that t·he Y-site can be replaced by most rare earth elements which have large localized 
magnetic moments.1,...3 The superconducting transition temperature remains close to 
90 K, while the rare earth moments order antiferromagnetically at low temperatures 
( < 2 K). The Ba-site also plays a relatively unimportant role and can be stlbstituted 
by Sr to a large extent\ and the resulting compounds suffer only ffiodest decreases in 
Tc. The Cu-site however is crucial.6-8 Xiao et al.6 showed that by substituting only 
10% of Ou by a number of 3d transition metals (Fe, Co, Zn, ... ), the value of Tc 

decreases greatly. It was further Observed that the reduction of T
0 

anti-correlates 
with the magnetic susceptibility or moment of a dopant, suggesting the existence of a 
magnetic pair-breaking mechanism. Zn was found, however, to be exceptional; it 
depresses Tc far more than any other 3d elements, yet it does not carry a magnetic 
moment. As shall be described below, this is due to the unique role of Zn in Ou oxide 
superconductors. 

The YBa2Cu30,. oxide has an orthorhombic struc�re (b>a) with two Ou-sites 
as shown in Fig. 1. It contains the warped Cu�2 planes on which the Cu(2} (plane 
site) is located. In addition, there are the Cu-0 chains along the b-axis upon which 
the Cu(l) (chain site) is situated. There are twice as many Ou(2) as Ou(l) sites. 
There are five oxygen sites as shown in Fig. 1. The 0(2) and 0(3) sites are located on 
the·ou-02 planes, and 0(1) is the bridging oxygen along the c-axis, giving rise to the 
five-fold coordination of Ou(2). The 0(5) sites in YBapu307 along the a-axis are 
vacant, giving rise to an orthorhombic distortion. With this oxygen vacancy order, a 
chain structure of Ou(l)-O(4)-Cu(l) is formed along the b-axis. It should be noted 
that in some published structure the oxygen site designations of 0(1) and 0(4) are 
reversed. The oxy'ge& content �), which can be varied between 6 and 7 in 
YBa2Cu30,., plays a crucial role.11•1 Below y = 6.3, the sample is insulating and· anti­
ferromagnetic. The value of Te increases with y and reaches 92 K when y is close to 
7. Wheti oxygen stoichiometry is reduced from 7 towards 6, the 0(1), 0(2) and 0(3) 
sites remain filled but oxygens are removed from the 0(4) sites. This results in a 
reduction of the orthorhombic distortion and a partial filling of the 0(5) sites. Near 
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