






 
 
 
 
 
 

  
Figure 2. Magnetic neutron scattering of Co-Swedenborgites at low temperature, separated by 
polarisation analysis and calibrated by the spin-coherent scattering of Co. (a) Spin-liquid like diffuse 
scattering for the compounds exhibiting short-range magnetic order at T = 1.2 K. Two insets show the 
two possible variants of chiral spin order on a kagome layer. Green lines indicate the crystallographic 
unit cells and the red lines mark the magnetic unit cells.  (b) Magnetic Bragg intensities for the two 
compounds with long-range magnetic order. Arrows indicate significant intensities and the asterisk 
marks a diffuse intensity still present in YBaCo4O7.  
 
 The valence distribution seems to be important for the spin correlations; for example, YBaCo3ZnO7 
and CaBaCo3AlO7 contain both Co+7/3, the distribution of Zn or Al, respectively, on the Co sites is 
similar in both cases according to X-ray data [13] (Zn/Al occupies 50% of Co1 and 20% of Co2 sites), 
and the observed diffuse magnetic scattering from these two materials are almost identical. Changing 
the average Co valence from Co+7/3 in CaBaCo3AlO7 to Co+8/3 in CaBaCo3ZnO7 has a significant 
influence on the scattering. According to X-ray data, in CaBaCo3ZnO7 almost all Zn enters the 
kagome substructure but, still, the total scattering increases slightly and so does the spin correlation 
length; the FWHM is significantly narrower in CaBaCo3ZnO7 at the same temperature (1.2 K). This 
observation may be surprising in view of the higher spin-dilution in the kagome layer for the Zn-
compound. On the other hand spin dilution in highly frustrated AF is less effective in reducing the spin 
correlations because locally frustration is diminished; the magnitudes of the magnetic scattering are, at 
least, inconsistent with expected Co-spin states for these two compounds. This unexpected behaviour 
may also result from possible mixed spin states or covalence effects. A structure determination by 
neutrons or anomalous x-ray diffraction could clarify the aspect of the Zn occupation. 
 Comparing YBaCo3FeO7 with CaBaCo3FeO7, the magnetic sublattice contains the same magnetic 
ions (“Co3Fe”), but the obviously higher Co valence in the latter results in magnetic LRO, where only 
SRO is observed in the former. The same observation is made when comparing YBaCo3ZnO7 with 
CaBaCo3ZnO7; equal magnetic sublattice “Co3Zn” but the average Co valence of +7/3 and +8/3, 
respectively, again causes the latter to exhibit a stronger ordering tendency. For comparison, data from 
Y0.5Ca0.5BaCo4O7 [5] has been added to figure 2a and it is obvious that the intensities of this data end 
up below those from CaBaCo3ZnO7 but above the intensities of CaBaCo3AlO7. Note that the data is 
normalized for one Co and can thus be directly compared. Accordingly, a possible connection appears 
when comparing the relative scattering intensities with the average Co valence: CaBaCo3ZnO7 
(Co+2.667), Y0.5Ca0.5BaCo4O7 (Co+2.375), and CaBaCo3AlO7 (Co+2.333) showing that an increase in the 
average Co valence increases the ordering tendencies independent on where the chemical substitution 
is made.  
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structure, suggesting a dominant 2D character of the spin correlations and clearly ruling out any 
preference for the q = 0 structure. This underlines the stability of the staggered versus uniform 
chirality for the 2D kagome antiferromagnet with nearest neighbour exchange lattice, as expected by 
entropy consideration and expressed by Villain’s principle of order by disorder. 
 The distinct 3D ordering of YBaCo4O7 and CaBaCo3FeO7 may appear to be more exceptional 
among the present selection of Co-substituted Swedenborgites, however, it can be also rationalized by 
the unusual strong 3D frustration between the kagome layers that arises from the tetrahedral 
coordination. There are further aspects of charge ordering with ordered high and low spin states of 
Co2+ and Co3+ ions  [6,19] that may depend on temperature, magnetic field, oxygen stoichiometry, or 
unknown subtle effects and may create a huge diversity of interesting phenomena in this new class of 
materials.  
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