Antiferromagnetic Exchange in Cobalt
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Magnetic nanostructures often exhibit spin configurations that do not occur in nature. For example, iron is
a prototypical ferromagnet in its bulk bcc phase but exhibits low-spin—high-spin transitions, antiferromagnetism,
complex spin structures and even noncollinear magnetic order in thin films and other nanostructures [1, 2, 3, 4,
5]. This diversity is especially pronounced for dense-packed fcc-likeatomicenvironments [6]. By contrast, metallic
cobalt tends to exhibit stable ferromagnetism, even in dense-packed atomic arrangements [7] and in nanostructures
[8]. Here we show that small clusters of Co, formed on a crystalline W (110) surface and containing 3 to 12
atoms, are ferri-, ferro- or nonmagnetic, depending on cluster size and geometry. First-principle calculations are
used to determine the atomic Co moments and their relative alignment, and showed that antiferromagnetic spin
alignment in the Co clusters is due to a combined effect of hybridization with the tungsten substrate and band
filling. Our theoretical predictions are supported by X-ray magnetic circular dichroism measurements of such Co
clusters [Fig. 1]. The Co clusters, which are synthesized on reconstructed W (110) template surfaces [Fig. 2],
exhibit an average magnetization, which is much smaller than expected for ferromagnetic Co moments and
consistent with the proposed theoretical predictions. By performing a comparative parallel study on the

isostructural Fe/W(110), we show that the effect occurs for Co but not for Fe.
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Fig. 1 XAS spectra (top) and XMCD spectra (bottom) taken at the L3/2 adsorption edge of Fe and Co (T
= 8 K, B = 5.5 T). The measurements on the right were done on 0.02 ML Co/W (110), and those on the left
after 0.2 ML Fe had been added to this sample. The reference measurement, shown as blue line, was taken on
0.05 ML Co on Pt (111) at 10 K. (adapted from ref. [9]).
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Figure 3. (a) STM images of the reconstructed, carburecated W (110); (b) Co clusters on C/W (110); (c) The
spacing between adjacent Co cluster rows can be controlled via the W (110) reconstruction. (d) Deposition of
Fe to pre-existing Co clusters results in Fe-Co core-shell islands arranged in rows along the <111> direction,

marked by red arrows, and in pristine Fe clusters such as those circled in blue.
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