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The transition metal (TM) oxides, e.g. TM 3d-based oxides with perovskite related structures,  exhibit a 

plethora of properties such as superconductivity, ferro-electricity, magnetism, etc., Indeed, beside the 

atomic structural degree of freedom, the electrons have internal degrees of freedom, such as charge, spin, 

and orbital, leading to various forms of ordered states through phase transitions. Furthermore, the coupling 

between these orders can be strong in these systems leading to additional properties (multiferroism), or 

the possibility of controlling these orders by external stimuli (e.g., ferroelectric tunnel junctions [1]) or 

nano-structuration (e.g., strain or interfacial magnetism [2]). All these orders give collective excitations 

(phonon, plasmon, magnon, orbiton) possibly studied, for instance, by resonant or non-resonant inelastic 

X-ray scattering (IXS), low-energy spin-polarized electron energy-loss spectroscopy EELS or inelastic 

neutron scattering.... Since the arrival of monochromator in scanning transmission electron microscopy 

(STEM) with an energy resolution down to 5meV [3], such excitations might also, to some extent, be 

investigated by high-energy transmission EELS. Here we will focus on the low energy electronic 

excitations of the transition-metal oxide, id est, the plasmon, the metal-metal (d-d) and charge-transfer (p-

d) excitations and discuss how they can be related to the electronic structure of nanostructures. 

We will first discuss how the dipole forbidden d-d transitions are observable in EELS [4]. For transition-

metal monoxide (MnO, NiO, CoO, etc..) such excitations have been well characterized by IXS [5] but 

many questions still reside when investigated by EELS (selectivity in term of multipolar transition ? how 

atomic are their characters  ? effectiveness of ω(q,r) measurements with Cs corrected/monochromated 

STEM). We will then discuss the observation of d-d based plasmons in the case of metallic 3d based 

transition-metal oxide, e.g. SrVO3. It is indeed fascinating that TM-3d bands can result in such different 

electronic excitations as observed by EELS. The figure 1 clearly evidences this difference of behaviour 

between atomic type d-d excitations of NiO (no dipolar contribution, no observable q-dispersion within 

the EELS accuracy, no surface delocalisation in aloof geometry) and a plasmonic type d-d excitations of 

SrVO3 (dipolar contribution, q-damping and small q-dispersion, surface plasmon in aloof geometry, …) 

[6]. 

One important aspect of the d-d excitations concerns their spatial resolution, notably if one aims at 

revealing by STEM-EELS the coupling between structure and TM-d electronic structure reconstruction 

in TM oxide heterostructures. Figure 2 shows how the non-dipolar d-d transitions evolve at a nanometer 

scale when crossing the interface between a NiO and a NdNiO3 nanocrystals, revealing different Ni-d 

ground states. On the other hand, nanostructured SrVO3 result in a Fabry-Perot type d-d based surface 

plasmon polariton modes. In this case, the spatial/energy distribution relates more with the geometry of 

the nanostructure (e.g. particle aspect ratio) than the ground state evolution of the TM 3d band. 
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Figure 1. (a) Dispersion curve and (b) bulk/aloof EELS measurements of NiO and SrVO3. 

 
Figure 2. (a) Non-dipolar EELS measurements from NiO/NdNiO3 heterostructure, (b) spatial distribution 

of plasmonic modes in a SrVO3 nanostructure. 
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