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Spin Crossover in Fe(II) Complexes with N4S2 Coordination
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Introduction 

Certain complexes of 3d4-7 transition metal ions have the ability to undergo spin crossover (SCO) between high-spin (HS) and low-spin (LS) electronic configurations under the influence of external stimuli such as temperature, pressure, or light irradiation. The transition between HS (S = 2) and LS (S = 0) states results in dramatic change in optical and magnetic properties, which can potentially be exploited for data storage and sensing applications. The vast majority of known SCO materials are based on octahedral FeII ions with six N‑donor ligands. Reports on SCO FeII complexes with environments other than {N6} are extremely rare. Herein, we investigated using Mössbauer spectroscopy an unusual family of neutral, mononuclear FeII complexes with {N4S2} coordination, [Fe(bpte)(NCE)2], E = S (1); Se (2); BH3 (3); bpte = S,S’-bis(2-pyridylmethyl)-1,2-thioethane. All these complexes exhibit temperature-induced SCO. In addition, we uncovered that the ( polymorph of 2 (2‒() exhibits light-induced excited spin state trapping (LIESST) effects.    
Experimental 

57Fe Mössbauer specta were recorded in transmission mode on Mössbauer instruments available in the EMR facility. Investigation of the LIESST effect was carried out using the optical Mössbauer cryostat of the EMR facility.  
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Results and Discussion
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The oxidation and spin states of Fe sites at various temperatures along the LS(HS transition were probed by Mössbauer spectroscopy. A series of spectra were recorded for 1‒3 at T = 4.2 ‒ 293 K and 0 T. The 4.2 K spectra of 1 (Fig. 1A) and 2‒( (Fig. 2A) consist of two doublets originating from LS‒FeII and HS‒FeII ions, whereas major contributions from HS‒FeII are seen at higher temperatures. In contrast, 2-γ and 3 contain only LS‒FeII at low temperatures and HS‒FeII (majority) at higher temperatures (Fig. 1B, C). Overall, the Mössbauer spectroscopy results confirm that a complete HS(LS conversion takes place in 2‒( and 3 as the temperature is lowered, whereas incomplete SCOs are observed for 1(~15%) and 2‒( (~50 %). We have also investigated whether these complexes exhibit LIESST effect. We discovered that the majority of LS‒FeII in 2-( converts to HS‒FeII upon irradiation with white light at 4.2 K as indicated by the spectra shown in Fig. 2B. The spectrum of the irradiated sample is nearly identical to the one recorded at 170 K prior to irradiation.
Conclusions

This study reports the first Mössbauer investigation of thermally- and light-induced SCO behaviors in FeII complexes with N4S2 coordination. 
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Fig. 1. 57Fe Mössbauer spectra of 1 (A), 2 (B), and 3 (C) recorded at 0 T and temperatures indicated. Simulations of the high-spin and low-spin FeII components are shown in red and blue, respectively. 
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Fig. 2. 57Fe Mössbauer spectra of (-2 recorded before and after irradiation with white light (halogen bulb, 100 W cm-2) inside the Mössbauer spectrometer.









