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Research into the Oxide Superconductors

Hiroaki HIDAKA

Up to present a variety of new families of oxide superconductors have been reported and yet active resear-

ches are in progress looking for the higher Tc superconductors. Tokura’s method for crystal construction is

important for the synthesis of such oxides, while theoretical analysis of electronic structures is useful for the

research on new materials.

DV-Xa cluster calculations have been carried out for Ndy gsCep15CuO4., to elucidate the electronic structure

and chemical bonds. The results suggest that both the hydridization between Cu 3d and 4s and the covalent

interaction between Ce 4f and O 2p have significant roles in the manifestation of superconductivity.
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T-type T*-type T’ -type
Fig. 1 Crystal Structures of oxide superconductors T, T* and T'.

Table 1 The different layered copper oxides

" 1 2 3 4
n
1 1,11 (2, 11 [3, 1] [4,1]
Laz_ AxCuO4 Laz_xA1+xCu206 P bBaYSrCuaos
Lay,CuO4 (A=Ca, Sr, Ba) A=Ca, Sr Non supercond.
Tc~35-40K Non supercond.
2 (1, 2] (2, 2] (3, 2] (4, 2]
T10,5Pb0,5Sr2Cu05_5 TIBaZCaCuZO7 TlBazca2CU309 T1B32Ca3CU4011
Non supercond. Tec~60K Tec~120K Tec~108K
TlSl‘zC&Cll207
Tec~50K
Tll_xPpraSrz_yPI‘yCu05_5 T10,5Pb0,5Sr2CaCu207 Tlo.5Pb0,5Sl‘2C3.2C11309
Tc~40K Tc~85K Te~120K
TlBagLnCu207
Ln=Pr, Y, Nd
Non supercond.
3 (1, 3] (2, 3] (3, 3] [4, 3]
T12Ba20u05 leB&zCﬁCUzOs leBazcazcu;gOlo T12B32Ca3CU4012
Te~30K Te~105K Tc 125K Te~115K
BizSI‘gCuOﬁ BizSI‘zC&Clleg Biz_bexSI‘zCazCu;;Om
Tc~10-22K Tec~85K Te~110K

Bigfo berzCal_xYxCu208
Tc~85K to non supercond.
le_xBal+xT1anCU203
Ln=Pr, Nd, Sm
Non supercond.

*m:Perovskite layers n:Rock salt layers
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Fig. 2 Tokura’s method for crystal design of oxide
superconductors.
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Clusters (A:[Cu0;2]%2~ and [Cu0:2]%—, B:[NdOg]13~, C:[CeOg]2~ (Oh)

‘and D: [CeOg1127) used in the present calculations. O(1) is located on the
CuO; plane site and O(2) is on (NdO), layer.

Table 2 Interatomic distances for cluster models

Model Cluster (symmgtry) Distance (A)
A [CuOyg 22—
& (C4v) Cu-0(1) 1.97 Cu-0(2) 3.61
[CuOy5]23- .
B [NdOg]13— (C4v) Nd-0 (1) 2.66 Nd-0(2) 2.33
C [CeOg]ie— (Oh) Ce-O 02.39
D [CeOg]te— (C4v) Ce-0O(1) 2. 66 Ce-0(2) 2.33
(102)
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Fig. 4 Orbital energies of clusters [CuQy21%~ and
[Cu0yp12.

Table 3 Net charges for constituent elements in dif-
ferent clusters

Model Cluster Net charge Formal charge

A [Cu0;21%2— Cu 1.83 2.00
o) —1.96 —2.00

0(2) —2.00 —2.00

[CuOyz 123~ Cu 1.13 1.00
o) —2.03 —2.00

0(2) —2.00 —2.00

B [NdOgl3- Nd 2.71 3.00
o) —1.96 —2.00

0(2) —1.97 —2.00

C [CeOgl?~ Ce 3.13 4.00
(0] —1.89 —2.00

D [CeOgl2~ Ce 2.89 4.00
o) —1.84 —2.00

0(2) —1.88 —2.00
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