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Transition metal perovskite oxides exhibit various distributions of charge, spin and orbital order. In
perovskite cobaltites, the spin degree of freedom resulting from Co3+ ions distinguishes them from
manganites and cuprates. Many questions remain about the magnetic ordering in these systems. A
recent investigation using first-principles calculations suggested that room temperature
ferromagnetism in Sr3YCo40¢+5 (SYCO) arises through the formation of ‘spin bags’ [1].

We have used a fifth-order aberration-corrected Nion UltraSTEM200 scanning transmission electron
microscope to investigate the local atomic structure and Co spin state in SYCO, a room-temperature
ferromagnetic metal, and SrCoO; s (SCO), an antiferromagnetic insulator. Both materials consist of
two kinds of layers with nearly perovskite structure that alternate along the a-axis of SCO, and the c-
axis of SYCO. Oxygen vacancies are present and ordered in one layer while the second layer is fully
oxygenated. Ferromagnetism in SYCO is expected to depend sensitively on the spin state of the Co
atoms, the layer of ordered oxygen vacancies and the presence and order of the Y atoms on the Sr
sub-lattice. [1-4]. We have used annular bright-field (ABF) imaging [5,6] to locate oxygen columns
and determine the oxygen octahedral tilts in these materials. High-angle annular dark-field
(HAADF) imaging is used to detect the presence of cation displacements in SYCO and the layers
containing ordered oxygen vacancies in both materials. Electron energy-loss spectroscopy (EELS) is
used to probe local changes in the oxygen K-edge and Co L-edge that reflect variations in spin state.

Typical ADF and ABF images from SCO are seen in Figure 1 along with image simulations based
on the multi-slice method. The images were obtained simultaneously at 200 kV using a probe
convergence angle of 30 mrad. The presence and location of the ordered oxygen vacancies is easily
seen in the ABF images along with the local distortions of the cation and anion sub-lattices. The
ADF images also reveal the local distortions in the cation sub-lattices. Figure 2 shows the structure
of SYCO, and the simulation reveals the local distortions in the cation sub-lattices along with the Y
ordering. EEL spectra obtained from adjacent cobalt-oxygen planes reveal variations in the Co L-
edge and O K-edge in SCO (Figure 3). Such features in cobaltite EEL data give information on Co
spin state [7], and attempts to directly map the ‘spin bags’ in SYCO will be presented [8].
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Figure 1. (a) Crystal structure of SrCoO, s viewed along the ¢ axis. (b) ADF image obtained with
detector range 30-200 mrad, (c) ABF image obtained with detector range 15-30 mrad, ADF and
ABF images were obtained simultaneously. Simulated images (HREM Inc.) using the structure of
Fig.1a are inset in the left side of each image. The blue and red arrowheads highlight the position of
the ordered oxygen vacancies and the fully oxygenated planes. Scale bars: 1nm.

(b)

Figure 2. (a) Crystal structure of
Sr,YCo03010+5 viewed along the b
axis. (b) HAADF image obtained
with detector ranges 60-200 mrad.
Simulated images (HREM Inc.)
using the structure of Fig.2a are inset
in the left side of the image. The
yellow lines highlight the distortions
of atom column positions. Scale bar:
Inm.

Figure 3. EEL spectra
obtained from SrCoQ; s
viewed along the c axis,
showing the O K edge and the
Co L, 3 edge from alternating
Co-O planes. The blue lines
are from planes containing the
oxygen vacancies and red lines
are obtained from the fully . N it —
oxygenated planes as seen on 525 530 535 540 545 550 555 780 785 790 795 800 805 810 815 820
the right side of Fig.1c.
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