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Introduction 

Recent developments in stable radical chemistry have led to improvements in the properties of organic magnets. In the solid state, the on-site Coulomb repulsion generally outweighs intermolecular hopping, giving rise to Mott insulating states, leaving only the magnetic (spin) degrees of freedom. The synthesis of non-metal based magnetic materials has largely been motivated by the desire to enhance magnetic interactions between these localized spins. In this regard, bisdithiazolyl (and related) radicals such as the one shown in Fig.1a are attractive, since their magnetic properties can be systematically tuned by varying the S/Se content at the E1/E2 positions and via substitution at the R1/R2 positions. Of particular importance within the context of this study, spin-orbit coupling (SOC) may be introduced by substituting heavier atoms at these positions, leading to exchange anisotropy (EA). In turn, this can give rise to a rich diversity of magnetic interactions and phases. 

In this work, we consider two families of molecule: IBSSet (1), seen in Fig.1a, with E1 = E2 = Se, R1 = Et, and R2 = Cl or I; and IBBO (2), which is obtained by replacing the NR1 group of 1 with a carbonyl (CO), while E​1 = E2 = S and R2 = F or I. Structural differences result in a ferromagnetic ground state for 1, whereas  2 orders as a spin canted antiferromagnet (SC-AFM). Ferromagnetic resonance (FMR) measurements indicate strong magnetic anisotropy in 1, mediated by the SOC associated with the heavier Se atoms,1 while only a weak anisotropy is found for 2 from antiferromagnetic resonance (AFMR) studies.2 The present investigation seeks to assess the influence of heavy atom substitution at the R2 position.
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Experimental 

A series of frequency dependent, high-field FMR and AFMR measurements were performed on powders of 1 and 2 using a broadband homodyne spectrometer equipped with a 15/17 T SC magnet in the EMR facility. 
Results

Spectra for 1 with R2 = I, shown in Fig.1a, are characteristic of FMR with an axial anisotropy field HA = 7.8 kOe. This value is close to the one found for the R2 = Cl variant of 1, for which HA = 8.8 kOe,1 indicating that substitution of heavier I for Cl (MI/MCl ( 3.6) at R2 has relatively little effect on the EA. By contrast, I substitution at R2 has a pronounced effect in 2. The spectra in Fig.2b are characteristic of AFMR associated with an orthorhombic SC-AFM state. Crucially, the HA = 630 Oe for the R2 = I case is more than three times that of the R2 = F variant (MI/MF ( 6.7), with HA ( 200 Oe.2 
Discussion and Conclusions 

The a2 symmetry of the SOMO, which dominates the exchange in 1, results in no spin density at the R2 position. This explains why the EA exhibits very little sensitivity to the halide at this position. In contrast, the carbonyl group significantly lowers the energy of the LUMO in 2, resulting in hybridization with the SOMO. Since the symmetry of the LUMO permits a sizable spin density at R2, halide substitution yields much stronger contributions to the EA from SOC-mediated hopping processes in the R2 = I derivative.
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Fig.1 Frequency stacked powder FMR spectra of 1 (a), and AFMR spectra of 2 (b), collected at 5 K; both data sets correspond to the R2 = I derivative. 









