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Final State Effects in Cu K—edge XANES
Nobuhiro KOSUGI

Division of Molecular Engineering, Kyoto University

Yoshida, Kyoto 606

The Cu K—edge XANES spectra of divalent Cu oxide and chloride, Sr,Cu0O; and
(creat),CuCl,, are compared with those of monovalent Cu oxide and chloride, Cu,0
and (BEDT-TTF),CuCl,. Through the final-state(core-hole screening)effect, 1s-4 p 7w
and 1s-4 po transitions in the divalent compounds demonstrate twin-peak structure
corresponding to well-screened and poorly-screened core-hole states. Except that the
1s-4 p 7 peak shift is observed depending on the difference in the strength of ligand-
field (initial-state) effect by the oxygen and chlorine anions, there is no distinct di-
fference between the Cu K-edge XANES spectra of the rather close-packing oxides
and the open-spaced packing chlorides, where the structures beyond the first coor-

dination shell are entirely different. The higher coordination shells are not so greatly

contributive in these Cu compounds.
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Fig.1. B K-edge XANES " of (2) BF ,and (b) BF, - .
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BF, is a planar molecule and has z*and

o* orbitals; BF, ~is a tetrahedrally coor-

dinated anion and has only a ¢ * orbital. B
1s-7* and 1s- 0 * transitions are observed
below and above the absorption edge (ioni-

zation threshold), respectively.
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Table 1, Excited orbitals in K-edge absorption
of first-row element and 3d transition
metal compounds. Bound states below
the edge and quasi-bound states above

the edge.
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Fig.2. Polarized Cu K-edge XANES spectra® of
a single crystal of the divalent Cu(ll) co-
mplex oxide,Sr, CuO, : (a) out-of-plane
(E//b), (b) in-plane (E//a) and (c) powder
spectra. The one-dimensional square-planar
[CuO, ]chain is along the a axis. The ex-
citation energy is relative to the first in-
flection point at the K edge of Cu foil. The
lower-energy peaks A and C and the higher-
energy peaks B and D are attributed to the

1s-4 prand 1s-4 p o transitions to the screened

(S) core-hole states and to the unscreened

(U) ones, respectively.
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Fig.3. Cu K-edge XANES® of some divalent Cu
oxides: (a) CuO, (b) Sr,Cu0, , (c) Ca,Cul, .
(d)Nd,Cu0,, and (e) Gd,Cu0, .
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Fig.4. Polarized Cu K-edge XANES spectra® of a
single crystal of the divalent Cu(ll) chloride
complex, (creat), CuCl, : (a) out-of-plane

(E//z), (b) in-plane (E_Lz) and (c) powder

spectra, together with (d) the powder spectrum

of Sr,Cu0,. The z axis is normal to the
square-planar [CuCl, Junit. The unscreened
peak B and the screened peak C overlap
with each other in (creat),CuCl, and are

well separated in Sr,CuQ,, depending on

the strength of the ligand fields.
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Fig.5. Cu K—edge XANES spectra”™ for powder
samples of‘the monovalent Cu(l) compounds:
(a) (BEDT-TTF),CuCl, and (b) Cu,0. For
the Cu(3d'®) compounds the core-hole
screening cannot occur in the final states.
The ligand-field effect is important as an

initial-state effect.
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Fig.6. Cu K-edge XANES® of some divalent Cu
chlorides: (a) (creatinium).CuCl, with D,,
local [CuCl,] structure, (b) (NEt,).CuCl,
with D,, [CuCl,] and (c) CuCl,-2H,0 with
D,,[CuCl,].
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