Class 4: The crystal structures of High-T. copper oxides
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See also the second PDF file (addendum) for this class on general features of
superconductors, and on R-P phases.

All high-T, copper oxides can be described as possessing CuO, square planes
and a charge reservoir that often comprises rock-salt like units.

In this class, we will examine the how perovskites can be thought to
comprise rock-salt slabs interleaved with “perovskite” MO,.
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Views of the “parent” compound that only has CuO, sheets: (Cag g,Sry 14)CuO,

P4/mmm, a = 3.8611 A, c = 3.1995 A
Cuat000

Ca/Srat 0.50.50.5

Oat00.50

Materials 286 G: Structural Families of Functional Inorganic Materials
Ram Seshadri, UCSB MRL, Room 3008, x6129 seshadri@mrl



Class 4: The crystal structures of High-T_ copper oxides

YBa,Cu;0; --- the “123” compound
Pmmm, a = 3.8203 A, b = 3.8855 A,
c=11.6835 A

Y at 0.5 0.5 0.5, Ba at 0.5 0.5 0.18393
Cul at 000, Cu2 at 00 0.3550
O1at00.50, 02 at 0.5 00.37819 Note the chains and sheets !
03 at 0 0.5 0.37693, 04 at 0 0 0.15840
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Note J-T distorted CuO, octahedra, and HgO, rods (linear)

HgBa,CuO, --- the class of compounds with the highest T_’s.
P4/mmm, a = 3.87630 A, c = 9.50720 A

Hgat 000, Baat 0.50.50.2986, Cuat 00 0.5,
O1at0.500.5and 02 at 0 0 0.2075
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CuO2
Tu Ca

Cu0O2
BaO

TIO The Oin the Tl layer is disordered.
TI0  This is not shown in this depiction.

BaO

I

The two-layer Tl-based superconductor, Tl,Ba,CaCu,0Oq
14/mmm, a = 3.8550 A, c =29.318 A
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FIG. 2. The displacements of Tl and O3 atoms from the
high-symmetry sites in the TI-O3 plane for two idealized
configurations. The ordering, however, is only short range, and
the real stucture is most likely the random mixture of these two
configurations (see text).

Dmowski et al. Phys. Rev. Lett. 61 (1988) 2608: PDF study of Tl and O local ordering.
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The 4-copper layer compound Bi,5r,Ca;Cu,0O,,

Many Bi superconductors display incommensurate modulation in the Bi-O
layers. See for example, Petricek et al. Phys. Rev. B 42 (1990) 387.
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. “non-Fermi liquid” " Generic phase diagram
", fiE o of High-Tc compounds
h 9 " (after Orenstein and

I
||||||I| i Millis, Science, 2000.
|||
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An attempt to correlate Tc with
a calculable parameter: The
extent to which the CuO, layers
couple to the layers that
separate them.
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Iron-Based Layered Superconductor La[O,_,F,]JFeAs (x = 0.05—-0.12)
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Discovery of the copper-based superconductor Las- Ba,Cu(,! - b T

. . L . . {a] 2 {b] undoped
with a high transition temperature (T,) triggered extensive research E
with the intention of developing new transition-metal-based super- LE:} J 8 2 |
conductors > Currently, high T, superconductors are limited to O =
lavered perovskites that contain Cu: structural units as the "E‘ o : .
conduction layvers. However, the T, of the non-Cu-based supercon- .E ::EP;;
ductors in this category has remained low, although spin triplet = 21 T
superconductivity has been found in UPtsy (7, ~ 0.54 K)* and Sr.- 'E
Ruly (T, ~ 1.4 KL*® Here, we report a layered iron-based A\iﬁfi £ ol BN A
compound, LaOFeAs, which undergoes superconducting transition S 40 20 30 40 50 60 7O
under doping with F~ ions at the 0% site. lis T, exhibits a 'J"J 20 (deg.)
trapezoidal shape dependence on F~ content, with the highest T, Figure 1. (2) Crystal structure of LaOFeAs. (b) Powder XRD patierns of
of ~26 K at 5—11 atom %. Further, its magnetic susceptibility undoped LaOFeAs and La[O,— F,FeAs: x = 0.05. Black bars at boltom
indicates that F-doped LaOFeAs exhibits Curie—Weiss-like be- show calculated Bragg diffraction positions of LaOFeAs. Arrows denote

havior in the normal conducting state peaks due to impurity phases, FeAs (helimagnetic),"” and LaOF,
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