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Fig. 3. EELS of GdoxNH580 indicating the presence of Gd(III) and oxygen atoms in
the cluster. a, Blue line shows EELS of a Gd-cluster contained in a nanohorn as
observed by the STEM/EELS machine of 3 × 3 Å area resolution. Peaks at 150 eV,
300 eV and 540 eV correspond to the N-edge of Gd, the K-edge of C and the K-edge
of O, respectively. The red line shows EELS of a nanohorn without a cluster. The
data indicates that the cluster consists of Gd and oxygen atoms. b, EELS due to the
M-edge of Gd. The blue line shows EELS of a Gd-cluster containing nanohorn, and
the green line shows the one of pure Gd2O3 as a reference. The fine structure of the
M-edge of the Gd cluster is identical to the one of the reference trivalent Gd. Note
that a core-level shift of 3 to 4 eV is expected for the lanthanoid M-edge, depending
on the valence states, and hence the observed matching demonstrates that the
cluster contains only trivalent Gd atoms (1).
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