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Report:

Understanding metal-insulator transitions driven édgctron correlations in transition metal compaind
remains an unsolved problem in the physics of glyocorrelated systems. Among these V oxides, and
particularly vanadium dioxide and Cr-doped vanadsesquioxide have attracted considerable intecgst f
undergoing a metal-insulator transition at aboudk34nd 200K, respectively. The former presents # we
known first order MIT accompanied by structurahgtion [1] while the later is a canonical case Ktwtt-
Hubbard system providing an iso-structural firsdesr MIT between two paramagnetic phases [2]. But
despite several decades of theoretical and expetanevestigations, a satisfactory explanationtrodir
electronic properties still not available.

We report on a direct spectroscopic study of tleetednic structure of Ve&and Cr-doped Y03 through their
temperature-induced metal-insulator transitions.otder to investigate the electronic propertiestiedse
systems, we have performed a high resolution neége &-ray absorption spectroscopy (XAS) at the V K-
edge. The absorption spectra was collected ingbditiorescence yield (PFY) mode i.e. by acquirthg
intensity variations of the Ko emission line while scanning the incident energsotigh theK-edge
resulting in an improved intrinsic resolution comgzhto conventional XAS. The experiment was caraet

at the BM-30B beamline at ESRF. The spectrometer egaipped with a Ge(331) analyzer borrowed from
ID-26, providing an overall energy resolution obabl eV. The measurements were performed in tedlec
geometry.

In order to explore the whole phase diagram of @edl vanadium sesquioxide 1(\Cry)>O3, we have
performed PFY-XAS measurement on powder samples fasction of temperature for different doping
levels x. The results are presented in Fig. 1 <ctveesponding locations in the phase diagramratieated

in the inset. We have primarily focused on the guige region which corresponds to bafiradrupolar
1s-3d and dipolarls- 4p transitions, the latter occurring via hybridizatibetween3d and 4p states.
Dramatic changes are observed in the pre-edge whessing the MIT upon doping (Fig. la) and
temperature (Fig. 1b) changes. The spectra shoelybao x-dependence in the paramagnetic insulating
phase (Pl), as expected from theory. In the parastagmetallic phase (PM), we observe a remarkable



similarity between the spectra taken at (x=0,T=400#&hd (x=0.011,T=300K), (x=0,T=300K) and
(x=0,T=200K), though there are intensity differem@n the high energy sidin a first approach, we can
conclude that the effects of temperature and Cindppn the pre-edge structures in the metallic praae
principally due to the distance from the MIT limethe phase diagram, which is consistent with eaemt
works [3].
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Figure 1: PFY-XAS V K pre-edge region on (¥Cry)203 Figure 2. PFY-XAS V K pre-
powder samples for different x values at ambientddmons edge region in V@single crystal:
(a) and for different point of temperature and dgpievel for different orientations: (19 // €,
in the metallic phase (1 (2)cO (e k), (3)c//k.

As for the vanadium dioxide, we have performed poddion-dependent PFY-XAS in a single crystal.
Similarly to vanadium sesquioxide, we have obsetaege changes in the pre-edge structures uposings
the MIT. Fig. 2 shows the pre-edge region of thectia when changing the orientation of the singystal
with respect to the polarization of the light. Wenaobserve a strong angular dependence for théatimgy
phase (M). By contrast, the angular dependence is quitkvi@ahe metallic phase (R). This result provides
a new experimental evidence of an orbital switchmthe \3d states across the metal to insulator transition
in VO,, as pointed out in a previous polarization-depahdeay absorption spectroscopy study at the,¥ L
edges [4]. Analysis is under way to identify the4edge structures and thus obtain additional infdion on
orbitals involved in the MIT.
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