Molecules as Prototypes for Spin-Based CNOT and SWAP Quantum Gates
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The implementation of Quantum Computing relies to a great extent on the capacity to develop the
suitable technology for realizing and coherently manipulating quantum bits (qubits) and quatum gates
(QGs). Recent proposals suggest that electronic spins would be good candidates to embody the basic
quantum information.™ In particular, the states of the total angular momentum of rare earths (RE) have
been found to exhibit appropriate coherence times and they could be addressed with local pulses of a
magnetic field.“! In this context, the unlimited versatility of chemical design and synthesis should allow
producing suitable molecules as carriers of RE, adapted for the realization of logic operations. The
universal gate of quantum computing is the CNOT, which operates on two coupled qubits, by flipping
the target qubit depending on the state of the control qubit. By use of a novel asymmetric multidonor
ligand (HsL), we have developed methods for the preparation of coordination complexes of two weakly
coupled lanthanides, [Ln2X§HL)2(H2L)(H20)(py)] (X=CI” or NO3"), where each metal lies in a dissimilar
coordination environment.”! This asymmetry provides for a magnetic inequivalence, which, coupled to
the strong anisotropy of RE, constitutes a good definition of control and target qubits. The robustness of
this chemical synthetic scheme allows for the preparation of analogous molecules of various lanthanide
metals. A combination of ac susceptibility, magnetization and heat capacity studies performed in the
vicinity of the absolute zero, shows that the member of this family with Tb* ions meets the ingredients
required to implement a CNOT quantum gate.!” The difference of coordination sites featured in this
complexes suggest the possibility of generating analogous complexes containing two different RE ions
almost at will, by taking advantage of their different ionic radii. Given the intrinsic difficulty in making
heterometallic 4f4f discrete molecules, such an achievement would be of great importance in
lanthanide coordination chemistry. On the other hand, this flexibility would enable a vast choice of
quantum gate designs. The success of this designed synthetic strategy will be presented.
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