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Abstract
DOE OE’s core mission is to support “efforts to ensure a resilient, reliable, and flexible electricity system.” Among the many ways in which this is achieved, OE has targeted three core R&D technologies that can provide this new
electrical grid. Our work focuses on new chemistry that can improve stability, cyclability, and energy density in heterogeneous systems within all the core technologies.
One example of a htereogeneous battery system is the metal-air battery. Zinc-air is commercially viable but lacks high current and reliable recharge capability. Lithium-air batteries have many advantages over other battery systems
due to their high energy density and slow loss of charge while not in use. Unfortunately, challenges arise in all heterogeneous systems due to the necessity to operate at gas, liquid, and solid interfaces. Due to these kinetic barriers,
there is a demand for a catalyst to enhance the electrochemical performance of the system and enable more efficient charge transport. Through the synthesis of single-molecule redox mediators, we are hoping to produce a catalyst
that will be able to perform charge transport which bypass these kinetic barriers, and we will demonstrate success through demonstration of metal-air batteries.

Methods and Results
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Anionic Spiro-Aluminum complex is
obtained in 91.8% yield in a single
step.
O

We purified the anionic Spiro-Aluminum
complex by dissolving in CH 2Cl2 and filtering.
The complex is a white solid (below) which
looks very similar to the Spiro-Boron.

Anionic Spiro-Boron
complex is obtained
in 31% yield overall

The redox activity of the Spiro-Boron complex was confirmed through the use of cyclic
voltammetry. This technique uses a set of electrodes that can quickly change voltage,
exploring the ability of the molecule to undergo oxidation or reduction reactions.

Crystal Structure of
Anionic Spiro-Boron
The cyclic voltammogram of the anionic Spiro-Aluminum
shows add features in the oxidative direction, that initially
led us to believe that this material is not stable to oxidation.
There are no peaks in the reductive direction.

In this case, the Spiro-Boron complex will reversibly oxidize twice, down to what we think is
the cationic complex (below).
Based on this electrochemical data, we determined
molecular oxygen could oxidize this complex.
When subjected to molecular oxygen, a solution in
CH 2Cl2 turns a distinctive Purple color.

However, upon stirring the anionic
Spiro-Aluminum in a CH 2Cl2 solution
open to air, the solution mimics the
appearance of the Spiro-Boron. A deep
purple color is observed. We are not
attempting to isolate this product.
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Our research question is now this: Despite the obvious
structural similarities between the anionic Spiro-Boron and Anionic
Spiro-Aluminum, why do we see such a dramatic shift in the
electrochemistry?

Isolation of the purple solid by extraction with toluene
affords a deep purple solid. An X-Ray structure shows
the spiro-boron motif but now as a neutral compound.
The solid is NMR silent, showing it is paramagnetic.

Calculations of Neutral Spiro-Boron performed by Prof. Neil Tomson at University of Pennsylvania show that it should exist
as a radical spread across the 𝛑-orbitals of both of the diamine ligands, linked by the overlap of the p-orbitals on the
nitrogens. The Boron does not interact with this 𝛑-system. The SpiroB cation should exist as a diradical!

Future Work
-Full characterization of Neutral + Anionic Spiro Aluminum complexes
-Conduct Evan’s method for neutral Spiro-boron
-Find collaborator for electrochemical studies to assess efficacy of mediators
-Synthesize compounds on a larger scale for battery testing

Working Hypothesis: The increased N-Al bond lengths move the
ligands further away from one another, limiting the orbital overlap
of the ligands. This destabilizes the oxidized Spiro-Aluminum.
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