Differences In XANES of iIsostructural and i1soelectronitad@essites
When similar systems have different XANES
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Introduction Structure Isotropic and polarized Cki-edge XANES
e Materials with similar structure and similar chemical prop rigonal (3R) CuSeO,/CuLa0, - dlusterof27atoms
erties are expected to have similar XANES. Cusco, sotropic cusco, fi oz
—Trigonal CuSc@ and CuLa@ are isostructural and iso- 0 (powden 0 A (monoenysta
electronic (Sc and La belong to the same column), hence & < \
their CuK-edge XANES should be very similar. $ 5 1 A S
e Delafossites may help in understanding XANES of other E : | E s &
: A : : y —— experiment O ellab
Cu oxides: possibility to study spectra of linearly coordi- i —= {fhzam Y -llc
nated monovalent Cu with O-Cu-0 units pointing all in R T T e
the same direction. _ energy of x-rays [eV] energy of x-rays [eV]
e Trigonal (rhombohedral) symmetry
AT e Distances along: axis nearly identical ceo. o cuao. RN
Motivation for CuScQ and CulLa@, distances in i R N i i R (monocrystal
Interesting and unexpected differences observed iK-@dge theab plane larger for CuLapby 20% Z | Z ' \
XANES of CuScO and CuLaG. 3 kS i s
A|m Of the StUdy N CuScQ CuLaO CwO N _‘Ji —— experiment ° ‘ ,"i --------- e|lab
Cu-O 2 180 185 1.85 J- TTheey i e
e Analyze origin of these differences in terms of the polariza Cu-Cu 6 322 383 3.02 e o s o o s
tion dependence of the spectra and of the scattering prop- C¢u-M 6 340  3.61 3.02
erties of atoms. . . di hb . | |
L . Distances between Cu and its neighbors (in Left panels: Experimental and theoretical K«edge XANES of powder
e Implications for the role of the pre-peak in other monova- A). The M atom is Sc in CuScg La in CuScO and CuLaQ
2 - '
lent Cu compounds® CulLa(, and Cu in CuO. Right panels: Theoretical polarized Guedge XANES of CuSc@and
CuLaO, monocrystals.
Experiment Scattering phase shifts of analogous atoms, Sc—La submtitu

e Fine powders on polytetrafluoroethylene membranes.
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o _ _ e Differences in phase shifts of Sc and
e Transmission measurements at Gilda beam-line at ESRF. La = differences in XANES of CuSc

e See Ahmedctt al. PRB79, 104302 (2009) for detalls. and CuLaQ.
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Cu K-edge XANES

e Phase shifts for La and for Lu are s - A
10 ) , , . : ! CuScO,

Theory similar =- low-lying empty 4f states ety om0 e
INn La arenot essential.

energy of x-rays [eV]

e Ab-initio real-space calculations.

e Muffin-tin potentials taken from self-consistent calcidat
for clusters of 24-27 atoms embedded in a crystal.

e Energy-independent o potential witha=0.67.
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e CuK-edge XANES of a hypothetical
CuLaO, with the geometry of CuScO©

—e||ab spectral component resembles
thee||ab component of true CuScO
(geometry dominates),

—el|c spectral component resembles

: thee||c component of true CuLaO© ul \ -
Allgnment Of the energy ranges (phase shifts dominate)_ G0l \\\"'.‘ ------ .:':-:
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Cu K-edge XANES
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e Appropriate scaling of energy ranges suppresses diffes2nc

In XANES which stem from different lattice constants. energy of x-rays [eV]
Phase shiftsin|d,(F)] for Sc in

CuScQ, La in CuLaG and Lu
In a hypothetical CuLu® with

e Features aty; and E, for one compound and &, and £,

for another compoundj; andds characteristic distances: Theoretical CiIK-edge XANES of a hy-

pothetical CuLa®@ with the geometry

(By — E)di = (By— E3)dj . geometry of CuLa® of CuScQ.

Conclusions Role of specific groups of atoms, pre-peak issues

e Apparent chemical and structural similarity of compounds | fant feat ¢ thellah fumcan [T 1T wee T
does not necessarily imply similarity of their XANES spec- ¢ Importantieatures o b spectrum can CuScO, e ||ab : |
fra be reproduced for cluster of 21 atoms. 3 ¢ JJ\/\:D v

e Including the Sc/La atoms does not alter the % / //J\/g N

o Differences between CK-edge XANES of CuSc@®and e|lab spectrum significantly. g ) T Teemer
CuLaO, can be understood if one focuses on the polarization- e Pre-peak appears only for tk@ab polariza- = CuK-edge of CyO
dependence of the spectra and on differences in Sc and La tion. - ---- 21atoms [JPCM47, 9389 (1992)]
phase shiits. —Analogy with CyO, where the pre-peak |~ T Gsaems

| | | IS connected with transitions perpendicu- P nergy ofxrays V]
e The pre-peak is connected with scattering of the photoelec- lar to the O—Cu—0 axis.

tron in theab plane by at least seven Cu atoms and fourteen

— 0O—Cu-O chains are parallel to each other | Cu,0 structure
O atoms (analogous to the case of Ki#edgeXANES of in delafossites (unlike in G©) — asso- CuLaO, e|lab
Cp0). ciation between the pre-peak and states in g
| . the ab plane could be in principle demon- % ol® & e LA
e Further reading: OSipret al. JPCM21, 255401 (2009). strated by experiment g & % &g |®
—Two kinds of pre-peak in monovalent Cu 31 NS T i thzms
-=== atmoms ‘ ‘
compounds ? | | e oaatoms ¢ 0‘8 A &' O
+ Pre-peak appears also in systems with e e e e e
linearly coordinated monovalent Cu with energy of x-rays  [eV] C
no Cu atoms in theb plane — e.g., in | \ 8.
[Cu(ryp2)]2(BE,)s. Dependence of theoretical|ab com- asi—=" °

ponent on the atoms included.



