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Recently, the development of single-molecule magnets has shifted away from the use of transition metals in favor of lanthanides due to their large single-ion anisotropy [1]. This is a consequence of the stronger spin-orbit coupling in lanthanides. Despite this advantage, the development of molecular materials containing lanthanides presents unique challenges, particularly in the context of spin clusters that require a relatively strong exchange interaction between nearest neighbors in order to obtain a well-defined giant spin ground state. Such ‘S’ states are desirable in molecular magnets since they i) produce large zero-field energy barriers, assuming certain symmetry conditions are satisfied, and ii) suppress magnetic quantum tunneling processes. However, due to the contracted nature of the 4f shell, the unpaired electrons in lanthanides are well shielded, providing unfavorable conditions for generating strong inter-site exchange. One proposed solution involves the use of organic radical linkers. The unpaired spin density on the radical tends to be highly delocalized, which has the potential to create significant overlap with the 4f spin density of lanthanides. There are only a few examples of organic radical bridged lanthanide complexes, justifying the need to further investigate exchange in a variety of new systems. 
Experimental 

Frequency-dependent EPR measurements were performed on constrained powders of three variants of the radical shown in Fig.1 using the broadband homodyne spectrometer in the EMR facility and its 15/17 T SC magnet.
Results and Discussion


In this study, we attempt to quantify the hyperfine coupling of three different Gd-Gd complexes [(Cp*2Gd)2(μ-R2bpym)][BPh4] (1) bridged by bpym radicals, with the ligands R = Me, OEt, NMe2 at the positions shown in the Fig.1a inset. Squid measurements show that the R = Me case gives rise to the strongest exchange coupling, while R = NMe2 produces the weakest. This suggests that the strength of the exchange interaction is correlated with the spin density located on the nitrogen atoms, where it is proposed that the electron donating group in NMe2 draws out the spin density from the center of the radical. The EPR experiments seek to correlate the spin density with the strength of the exchange via determination of the hyperfine coupling to the nitrogens.
The low field spectra in Fig.1a, which contain a single broad g = 2 signal, were unable to resolve hyperfine coupling for all three ligands. This is due to the small zero field splitting (ZFS) inherent to Gd which broadens the sharper spectral features given by hyperfine interactions. Going to a higher frequency, shown in Fig.1b, allows us to resolve the different components of the g tensor, but does not give any insight into the nature of the spin density associated with the organic radical. 
Conclusions

Though the above continuous-wave (CW) EPR measurements were not able to resolve hyperfine coupling, using pulsed EPR techniques such as ELDOR NMR on dilute solutions could allow us to directly probe hyperfine interactions in the time domain. To avoid the complications due to the weak ZFS present in the Gd compound, future CW measurements will also be performed on Y substituted versions of the above system.
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Fig.1 Stacked EPR spectra of powders of 1 with R = Me, OEt, NMe2, taken at (a) 25 GHz and (b) 304.8 GHz. All measurements were performed at 5K.








