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Magnetism originates from the spin of the unpaired electrons and their interaction with the 

unquenched orbital momenta. Thanks to the development of quantum mechanics, the magnetic 

properties are deeply understood. It has been a cut-edge research field to manipulate the spin 

behavior of paramagnetic centers from chemical and physical approaches. 

For the chemical methods, I will introduce the molecular design and trial for single-ion magnet, 

which behaves strong axial magnetic anisotropy. The magnetic anisotropy of metallic ions 

results from the crystal field interaction. We have designed the crystal field of axial symmetry 

as well as low-coordinated environment to realize chemical spin manipulation on transition 

metal and rare earth ions[1-3]. 

With respect to the physical approaches, I will discuss our recent work on coherent controlling 

the quantum phase of a cat state based on the pulsed electric field in a rare-earth ion solid. We 

have precisely determined the Stark effect Hamiltonian parameters and the electric-spin 

coupling is enhanced to be 1.6 Hz / (TꞏVꞏm-1). Combined with microwave, the electric pulses 

can be used to realize quantum Zeno effect and Deutsche-Josza algorithm[4]. 
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