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Influence of Nuclear Spin Proximity on Qubit Decoherence in Mononuclear Transition Metal Complexes
Graham, M.J. and Freedman, D.E. (Northwestern U., Chemistry)
Introduction

Quantum information processing represents a fundamentally new paradigm in computation. Electronic spins in coordination complexes are a promising candidate for the construction of quantum bits (qubits), the fundamental units of information in a quantum computer. However, such electronic spins frequently exhibit short coherence times (T2) on the microsecond timescale, precluding their use as qubits.1 To increase this coherence time, it is necessary to formulate a set of design principles that reduce or eliminate the most prominent sources of decoherence. As a large source of decoherence is frequently nuclear spins in the local environment around the electronic spin center,2 we have focused our efforts on studying the effect of varying nuclear spin proximity on coherence time.
Experimental


A series of three V(IV), S = 1/2 complexes were investigated via pulsed EPR spectroscopy. The members of the series each contained a proton-containing linker at a distance from the electronic spin center which increased across the series, allowing for exploration of the impact of nuclear spin proximity on coherence time. Inversion recovery T1 and T2 decay curves and cw spectra were acquired at the National High Magnetic Field Lab in Tallahassee, FL. The data were collected on a Bruker E680 X-band system equipped with an ER 4118X-MD5 dielectric resonator and Oxford Instruments CF935 helium flow cryostat.
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Results and Discussion


Measurement of the series of complexes revealed T2 values that increased with decreasing size of the linker. Specifically, the complexes exhibited T2 values of 7.1, 5.8, and 2.1 μs for the shortest, middle-length, and longest ligands at 5 K, respectively (Fig. 1). This potentially indicates that the proton-containing linker was passing through the spin-diffusion barrier radius as the ligand length was increased through the series.
Conclusions

This work illustrates the effect on coherence times of differential spacing of nuclear spins from an electronic spin center. The effective size of the spin diffusion barrier radius has implications for the design of future coordination complexes to minimize decoherence.
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Fig. 1 Temperature dependence of T2 values of the series from shortest (V-C5) to longest (V-C9) ligand.









