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Linear dichroism in 3d transition metal 3. Theory
NEXAFS of correlated materials Starting with the basic formula for K-absorption (Brouder, 1990)
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and inserting the mathematical expressions for the angular parts
of the wave functions (Bocharat al 1998), one can obtain the

absorption coefficient as the sum of dipole and quadrupole
gLomponentsi = Uy + g , where
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Investigations of 3d transition metal (TM) compounds by mean
of linear dichroism in TM K-NEXAFS will be reported. At this, |, ‘mp & + pyeﬁ +pé 2

the decomposition of the angular-dependent NEXAFS into orbital

projected components are important problems. A survey is givenuy 0d, (e.k,+ €, k)2 + df g k+ R+ d, gk € )g/z

on methods how to extract information on the geometrical, 243 2

electronic and magnetic structure from linearly polarized td. p(8k—gKk) +v3d,(e k.

NEXAFS and EXAFS spectra. New results on CuO and CuPcrhis means, that each polarized spectrum can be interpreted as a
(Copper Phthalocyanine) are reported. A reference is given to thﬁ/eighted sum of partial symmetry resolved components. Each of
novel method for spin-resolving of NEXAFS by analysis of the ~ components is formed only by the transitions to
resonantly scattered X-ray core lines. orbitals with a definite angular momentum. The factors
Pys Pys Py, Oy, dyyy dyy dxz-yz , and d, represent the so called

Keywords: NEXAFS, partial density of states, 3d transition ) ] . )
metal compounds, spin-resolved spectral components. partial spectral components, i. e. the densities of states with a

definite orbital symmetry modulated by the radial transition

probability. We assume the radial matrix elements are equal for
all states with equal quantum number | and change with energy
only insignificantly. The expressions in parenthesis in equation

The 3d metal oxides and other compounds acquire a particulqz) (combined from the projections of the vectarand k and

interest as the subjects of electron-electron correlation study ken in the power of two) are the coefficients of these
. . ; . . components and are determined just by the actual experimental
Regarding their polarized K-NEXAFS we try to refine the P J Y P

. ) . setting. We call these coefficients partial spectral weights.
experimental data in such a way, that they can be directly Therefore, by measuring three spectra (each of them

comp_a_lred with the site-projected angular momentum res<)|\le(?<epresented by the absorption coefficignt with different
densities of empty states at the metal site. : . - :

orientations I, Il and Il of vectoré relative to the crystal
structure, one can use the expression (2) to set up an appropriate
system of linear equations and extract the partial-density
Linear dichroism in Near-Edge X-ray Absorption Fine Structure componentgy, p,, p;:
(NEXAFS) can be investigated in a transmission geometry as; | 1\2 4 24 2
shown in Fig. 1. Linearly polarized synchrotron radiation H Px(&) R’(éy) RC¢)
transmits a single-crystal absorption sample which can beu" O p.(ef)*+ g (€)*+ p( €)?
oriented with respect to the polarisation vectorand the wave

P P p" O (el )? + p(d)?+ p(¢)?

vector k of radiation by three perpendicular rotatiaghsO, .

1. Introduction

2. Experimental

From the transmitted intensity the energy- and orientation- D(| 2 2 ( 2t
e . g e o 06) (@) (¢V8 g
pendent X-ray absorption coefficienu(fzw, €, k) can be 0*0 0, A\ N2 O 0", O
evaluated. gpyg ode) (¢) (¢) ] Dﬁlj E. ®)
\V monochromator P ﬁ'” 2 m\2 Y n
detector § , €y ) (ey ) (é ) E
T provided that the quadrupole contributions can be neglected. The
LA upper indices in (3) distinguish between three independent spectra
I /’ recorded for different sample orientations I, 1l and Il
sample J e In special cases, e.g. in cubic crystals, quadrupole d-like
A e components can also be determined.
> -— 0 4. Applications
Q Linear dichroism in NEXAFS and EXAFS can be used to study
detector ‘2/ the geometrical, electronic and magnetic structure of single-
crystal solids by taking advantage of the multipole character of
J the X-ray transitions and the selection rules for linearly polarized
and angular dependent X-ray spectra.

Figure 1
Scheme of experimental arrangement. A deformed octahedral cluster in
the single-crystal sample is shown for its (0,0,0) position.
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4.1. Geometrical structure
e the localization of the Cu 3d hole preferred in the

In the case of Near-Edge X-ray Absorption Fine Structure )
3C|X2_y2 orbital and

(NEXAFS) the information on the geometrical structure will be

given by the dipole transition matrix elemer(ﬂﬂf |é|:f|llli> for * the strong bulk sensitivity of the transmission mode
which can be applied to K absorption as opposed to the
surface sensitive yield modes which are usually used
when measuring L absorption spectra.
The quality of band structure and real-space multiple-scattering
RS-MS) calculations for reproducing experimental 3d metal K-
the term (8[f,)? in the EXAFS formula € polarization vector, NEXAFS and the consideration of core-hole effects has been
F, vector from the absorbing to th& neighboring atom). investigated and proved by comparison with the appropriate

. . . ... spectra of Tig TiSe, TiTe, and WLOs (Simuneket al, 1997;
With the measurement and interpretation of the pOIa”ZatlonBocharovet al, 1998; Sipret al, 1999). A comparison of the

dependent Fe K-EXAFS Of. Bﬁe.(CN)f’NO]mHZO single . _experimental results with theoretical RS MS calculations show
crystals an example_ for the Investigation of the geometncalthe sufficiency of one-electron model for the description of p-like
structure of complex ions has been given (Gaedeké, 1988). states. The influence of core hole can be treated reasonably good
) B ) within the so called “relaxed and screened approximation”. A
4.2. Multipole character of X-ray transitions and electronic structure tendency of reducing of the quadrupole contributions for the
For investigating the multipole character of X-ray transitions thetransition metal compounds is observed going from Ni to Mn.
Many crystal structures are built up of identical fragments, e.g.
ionic complexes which have different orientations of their
symmetry axes. This is true for the structures like monocfnic
copper phtalocyanine (CuPc) and monoclinic CuO, which are
angular dependence of the XANES enable to distinguish betweeoomposed by two differently oriented patterns of CuPc molecules
the two types of electric transitions (Brumne¢rl, 1971; Drager and CuQ chains, respect. Therefore, unambiguous comparison of
et al, 1988). experiment and theory depends on the orientation of coordinate
The orbital symmetry of empty 3d states in cubic MeO oxidessystem in which the electronic structure calculation or spectra
could be determined using tiée and K dependence of 1s3d resolution should be performed. Especially, for comparison of
quadrupole transitions in the pre-edge absorption of the Me Kexperimental data with the results of MO or MSx-Kluster
NEXAFS for Me=Mn, Fe, Co and Ni. The experimental calculations the spectra should be decomposed with respect to the
technique is described elsewhere (Heumahal, 1997). All symmetry axes of the concerned molecules or atomic clusters.
determinations of empty 3d orbital symmetries agree with results AS an experimental example, Fig. 2 shows the resolution of
of modern band structure calculations for strongly correlatedPolarized Cu K-NEXAFS of CuO into the-pp- and p —like
materials (Terakurat al, 1984; Hugel & Kamal, 1996). spectral components in the coordinate system of the crystal unit
The orbital symmetry resolution of the V K-NEXAFS of®  cell and with respect to that of a single Guluister.
shows that the linear dichroism resulting from quadrupole Another example is shown in Figs. 3a,b for the Cu K-NEXAFS
transitions is small but not negligible (Sigral, 1999). of CuPc (Copper Phthalocyanine). Here it will be pointed to the
A detailed quantitative analysis of Cu K-NEXAFS of HTSC- three different p-like spectral components obtained by resolving
Bi,SrL,CaCuyO; for five selected sample orientations has providedWith respect to the coordinate system of the monoclinic unit cell
the partial DOS componentgpp,, d.%, d,% and d, for Cu. (Fig. 3a). On the other hand, we obtained degenergted p
Here it can be emphasized (Drager, 1996): components in the coordlnz_;\te system of the CuPc molecule
« the high selectivity of the method with respect to the Pecause of its i symmetry (Fig. 3b).
symmetry of states,

linearly polarized radiation and by suitable model calculations,

e.g. multiple-scattering (MS) calculations (Zabinskwl., 1995).
From the Extended X-ray Absorption Fine Structure (EXAFS) a

detailed geometrical structure information can be obtained fron"t

different matrix element@ff e [flllli> for dipole transitions and

<(,Uf |éEfF Eli|1,ui> for quadrupole transitions and the measured
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Figure 2

The Cu p-like partial spectral components of the Cu K-NEXAFS of CuO resolved with respect to the two coordinate systemsagtzownb). Each
component was obtained from four different sets of experimental spectra, represented by the respective group of curvies) dne sbosistence of the
solutions.
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Figure 3a

Cu K-NEXAFS of CuPc resolved into spectral components with respect
to the coordinate system of the crystal
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Figure 3b
Cu K-NEXAFS of CuPc resolved into spectral components with respect

to the coordinate system of a planar molecule

4.3. Spin-resolved NEXAFS from RXS

Recently the authors have developed a newhoaktfor spin-
resolving of NEXAFS by analysis of resonantly scattered X-ray
core lines (see the contributed paper: G. Drager et al. “Spin-
resolved NEXAFS from resonant X-ray scattering (RXS)” in this
proceedings). Since the method employs spin conservation and
local spin references antiferromagnetic and paramagnetic
materials can be investigated as well.

The experimental work was supported by Hamburger
Synchrotronstrahlungslabor HASYLAB (Project No. 11-99-083).
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