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High Field EPR Study of Novel 3d-4f Heterobimetallics and Cu3(TeO4)(SO4)·H2O
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Introduction 

Heterobimetallic materials have created the strongest known magnets1,2 owing their magnetic behavior mostly to the component lanthanide’s unpaired 4f electrons and thus varying across the periodic table.3 Incorporation of 3d transition metals in lanthanide compounds promotes magnetic exchange and properties such as thermochromism.4 We have synthesized a family of compounds containing rare earths and transition metals, of the general formula, X2Cu(TeO3)2(SO4)2 (X = Eu, Gd, Sm, Tb, Tm, Yb, Dy, Y), using hydrothermal synthesis and utilized high-field EPR to study their magnetic and electronic properties.5 Cu3(TeO4)(SO4)·H2O has also been measured and shows distinct magnetic centers not detectable without the use of the high frequency measurements.
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Experimental


X-band (9 GHz) and Q-band (34 GHz) powder EPR spectra were measured using a Bruker Elexsys 500 spectrometer available at the FSU Chemistry Department. Variable temperature HF-EPR powder spectra at 240 GHz and 336 GHz were measured using a heterodyne spectrometer employing a 12.5 T superconducting magnet at NHMFL.
Results and Discussion
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Variable temperature high field EPR at 240 GHz and 336 GHz have yielded a wide variety of results unobtainable on the X and Q band available on the spectrometer at FSU due to the strong spin orbit coupling exhibited by some of the X2Cu(TeO3)2(SO4)2 analogues. Large g tensors around 15.355 and 23.262 for the thulium and dysprosium analogues, respectively, would be unobservable on FSU’s system especially due to fast spin relaxation making the signals unobservable at room temperatures. In addition, a phase transition was observed for the samarium analogue around 10 K with analysis still in progress. Fig. 1 shows the signals from various copper centers in Cu3(TeO4)(SO4)·H2O, which was undetectable on lower frequencies.
Conclusions

HF-EPR studies of X2Cu(TeO3)2(SO4)2 (X = Eu, Gd, Sm, Tb, Tm, Yb, Dy, Y) and Cu3(TeO4)(SO4)·H2O show the unique power of this technique and allow us to more accurately depict the electronic structure of these materials.
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Fig. 1. High-Frequency (240 GHz) powder EPR spectrum of Cu3(TeO4)(SO4)·H2O at variable temperatures.
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