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First Observation of Two Qubits in the Ground State Spin Manifold in a Molecular Species
Fataftah, M.S.; Zadrozny, J.M.; Coste, S.C.; Graham, M.J.; Rogers, D.M. and Freedman, D.E. (Northwestern U., Chemistry)
Introduction

Quantum information processing represents a fundamentally new paradigm in computation which could lead to significant increases in computational power, with implications in areas as diverse as code-breaking and the simulation of quantum systems. 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.1 Specifically, high-spin coordination complexes have been proposed to serve as host to multiple qubits due to the existence of multiple, accessible transitions between the MS levels of many high-spin molecules.2 However, no molecular system has yet been synthesized which has exhibited multiple accessible qubit transitions within the ground state manifold of the molecule.
Experimental


T1 and T2 data, cw spectra, and nutation data were acquired on a molecular species, [Cr(C3S5)]33−, 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.
Results and Discussion
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An echo-detected field-swept spectrum of [Cr(C3S5)]33− revealed two features at 1000 G and 3500 G. Fitting of cw spectra of the compound (Fig. 1) indicated that the high-field feature owed the bulk of its intensity to the y-component of the MS = −3/2 → MS = −1/2 transition, while the weaker, low-field signal arose from the formally forbidden MS = −3/2 → MS = +3/2  transition. However, the large rhombicity of the complex allowed for detection of the latter signal. Nutation experiments on both transitions revealed Rabi oscillations which displayed a linear dependence of the nutation frequency on the pulsed field B1. Further, the two transitions exhibited strongly differing B1-dependences of the nutation frequency, which supports the assignment of two different addressable qubit transitions in the molecule.
Conclusions

The successful design and synthesis of a molecular complex exhibiting two qubit transitions is a significant step towards the realization of the high-spin multi-qubit species originally proposed fourteen years ago. The tunability engendered by coordination complexes coupled with the long coherence times possible for coordination complex qubits3 imbues added significance to this result, and suggests new directions for the synthesis of molecular qubits. 
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Fig. 1. X-band EPR spectrum of [Cr(C3S5)]33−.









