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The SrRuO; is a poor metallic itinerant ferromagnet with the transition temperature T¢ = 165 K.
Recently, we found that Tc for this system could be substantially lowered (to about 90K) by high-
pressure oxygen annealing. This may be explained by imposed changes to the electronic state of Ru
octahedrally coordinated by oxygens in this compound. The similar coordination exists in the
RuSry(RE; xCe,)Cuy010.y (Ru-1222) (RE = Gd, Eu)' and RuSr,RECu,05 (Ru-1212)>>, which
exhibit the apparent coexistence of superconductivity and ferromagnetism possibly influenced by the
electronic state of Ru. This has triggered a tremendous interest in 4d transition metal complex oxides
containing ruthenium ions in octahedral coordination.

Here, we investigate the microscopic origins of differences in T¢ due to the high pressure oxygen
annealing of SrRuOs and the relationship between microstructure, composition, and electronic
structure by electron energy-loss spectroscopy (EELS) and (S)TEM imaging techniques. The Ru
Las-edges are sensitive to the 4d- occupancy, i.e. the valence state™”. However, these edges are
located at considerably high energy-losses (2967 eV and 2838 eV), hence higher beam current and
longer acquisition time are required with a sacrifice of the spatial resolution. On the other hand, the
M-edges (Fig. 2) are more easily accessible but complex to analyze. In this respect, the correlation
between L- and M- (particularly Mj3;-) edges is also investigated. The 200kV Schottky field
emission TEM/STEMs (Philips FEI Tecnai F20 and JEOL 2010F) and the Philips 300 kV CM 30
TEM with a LaBg gun have been used. The CM 30 was used for the acquisition of the Ru L,3-edges.

Two polycrystalline StTRuO; samples were prepared (1) in the conventional manner (T¢ = 165K)
and (2) by the high pressure oxygen annealing resulting in substantially lower T¢ (= 90K) (Fig.1).
The Méssbauer Ru’ analysis of the sample (1) showed a unique hyperfine magnetic field and,
corresponding to one Ru site (+4) and a broad single line above the T¢ (96K), indicating the
presence of multiple sites and/or electric quadrupole interaction for the sample (2)°.

A close examination revealed the changes in the Ls/L, and M3/M, ratios (the derivative meth0d7)
and 1.5 eV higher energy shift of Mys-edges (see Fig. 3). This is consistent with the behavior of the
Ru M- and L-edges of RuO; (Ru 4+) and Sr,YRuOg (Ru 5+), suggesting the increase of the valence
state after annealing. It is also apparent that the intensity of the pre-peak of O K-edge is increased
after the annealing, i.e. increase of the hybridization of the O 2p orbital with the Ru 4d states.
Furthermore, decrease of the Ru/O intensity ratio is also observed after the annealing (sample (2)).
If this is due to the depletion of some Ru atoms, it may segregate at the interface. Detailed
investigation at the grain interface will be conducted. Furthermore, other 4d electron systems
containing Mo ions will also be investigated.
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Figure 2. O K-, Ru Mys-, Mp3- and Sr
Mpys-edges from the high oxygen pressure
annealed SrRuO;.

Figure 1. Magnetization measurement as a
function of temperature. (1) Before annealing,
Tc=165K. (2) After high pressure oxygen
annealing, Tc= 90K.
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Figure 3. O K- and Mj3-edges before and Figure 4. Ru Ls-edge after annealing.

after the high oxygen pressure annealing.
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