Direct observation of crystal field splitting in tungstates
by resonant X-ray emission spectroscopy
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Abstract

A splitting in the energy levels of the d-orbitals of transition metal due to the presence of ligands depends on the local symmetry and is known as crystal field splitting. Here, we demonstrate the
use of the resonant X-ray emission spectroscopy (RXES) to probe the crystal field splitting in a series of AWO, (A=Mg, Ca, Mn, Zn, Cd, Sn, Pb) tungstates with the tetrahedral and octahedral
coordination of tungsten atoms. y

N\

Introduction

Resonant X-ray emission spectroscopy (RXES) is a photon-in/photon-out X-ray technique which provides —
information on the electronic states [1] and elemental excitations (phonons, magnons, etc) [2] in a material [ W L;-edge | n ZnWO i
exploiting both the energy and momentum dependence of the photon scattering cross section. The D1 : _ ﬂ n 4 _
technique requires a tunable high-flux X-ray source as synchrotron and is element and orbital specific, bulk E - ] fﬂ I W L,-edge 1
sensitive, and needs only small sample volumes. Al W* in [WO,] < | —— XANES
Recently, we have employed the hard RXES with synchrotron radiation from PETRA-III storage ring to study E I N\ ----W in[WO] § | —— HERFD-XANES |
phase transitions in CuMo, W, 0O, solid solutions [3]. The method allows one to measure the high-energy % A T §
resolution fluorescence detected W L;-edge X-ray absorption near-edge structure (HERFD-XANES) with a 81 =
resolution of I' ;. ,(3d5/2) = 2.01 eV significantly better compared to the I' . ,0c(2P3/,) = 4.57 eV in the g - £ |
conventional XANES. o | 1 o
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Emc,-del’rﬂ,L‘ \E bk e o, dv The results for the excited state with the The high energy resolution of the HERFD-XANES spectra is
2p3; —O— core hole (Wx* , solid curves) and non- due to the small value of the core hole lifetime broadening
2P1/2 > excited state without the core hole (W, I ore-nole(3d3/,) in the final state.
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In this study, we demonstrate the ability of the RXES method to measure the crystal field splitting A4 in a = o408 p i
series of AWO, (A=Mg, Ca, Mn, Zn, Cd, Sn, Pb) tungstates with the tetrahedral and octahedral coordination ‘:: § E
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*  The values of A, =1.3-2.1 eV, while A =3.6-4.0 eV.
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