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Introduction

Water electrolysis is a promising avenue for the chemical storage of renewable energy in an environmentally friendly manner. While the reduction half-reaction can be performed relatively efficiently, the oxidation of water is highly inefficient. A novel cobalt-oxide based material, Co‒Pi, was shown in 2008 to be a robust catalyst for water oxidation under mild conditions.1 Continuous wave EPR at 9 GHz of Co‒Pi collected at water oxidizing potentials exhibits a g ≈ 2 signal attributed to an S = 1/2 Co(IV) species.2 Spectroscopy of the material prepared using borate and carbonate in addition to phosphate across a pH range of 7 to 10 demonstrates subtle changes to the Co(IV) signal.3 An electrochemical study model compounds implicates the borate anion as being directly involved in the mechanism.4 Attempts at measuring the strength of this interaction using pulsed EPR techniques such as ENDOR or ESEEM have proved difficult due to the short relaxation times exhibited by the material. To overcome this we utilize the HiPER instrument at the NHMFL which provides a large sample geometry for higher spin concentrations as well as high fields which have been reported to increase quantum decoherence times.5
Experimental


Samples are deposited on a polyethylene electrode coated with indium doped tin-oxide. This electrode is cut into a circle 4cm in diameter with the outer 1cm coated in epoxy to match the size of the cavity and the strongest portion of the beam waist diameter. Nickel foam was utilized as the counter electrode and a commercial Ag/AgCl electrode was used as the reference. Anodically deposited samples were prepared in a 0.1 M phosphate, borate, or carbonate buffer with 1mM Co(NO3)2 at pH = 7.00, 9.00, or 10.00 respectively. The working electrode was then held at 1.6 V vs. Ag/AgCl, adjusting by -59 mV/pH unit deviation from 7.00. After ca. 24 hours, the sample was removed and placed into liquid nitrogen for storage. Cathodically deposited samples were prepared by holding the working electrode at -5mA/cm2 in 0.1 M Co(NO3)2 with 0.05 M NaNO3 for 550 s. The sample was then anodized in a 0.1 M phosphate, borate, or carbonate buffer at pH = 7.00, 9.00, or 10.00 respectively at 2 mA for 200 minutes followed by 1mA/cm2 until the potential plateaued, ca. 2 minutes. The samples were then and placed into liquid nitrogen for storage. Spectroscopy was performed at the NHMFL on the 94 GHz HiPER instrument using both echo-detected and FID-detected pulsed EPR techniques as well as CW EPR.
Results and Discussion


Preliminary continuous wave EPR results on the samples sent to the NHMFL exhibit signals in the g ≈ 2 region, where the S = 1/2 signal of Co(IV) is expected to arise. Pulsed spectra acquired via FID detection on an anodically deposited borate sample exhibited weak intensity in the same region. 
Conclusions

Initial samples sent to the NHMFL exhibit some signal intensity via pulsed EPR methods. This is the first time pulsed EPR has been successful in any respect on these cobalt oxide materials. Through sample optimization we are confident that improved signal quality can be achieved. Thus we hope to use high-field EPR to overcome relaxation issues on these water oxidation electrocatalysts and study Co(IV) and its interactions with buffering anions.
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