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Introduction:

The redox flow battery is a promising technology
for grid-scale energy storage. The use of redox-active organic
molecules in flow batteries has received notable attention for their
avoidance of resource constrained metals and their synthetic
tunability. The cycle life of redox-active organics is a key parameter
for ensuring their viability. A systematic computational and
experimental study on dihydroxylated phenazines demonstrates their
decomposition pathways and substitution patterns that prevent
formation of redox-inactive by-products.

Objective:

Determine stability, solubility, and redox potential
trade-offs for variably substituted dihydroxyphenazine isomers.

Results and Discussion: Stability and Solubility

Electrochemistry
 Redox potentials range from −0.8
to −1.14 V (vs Hg/HgO), with
potentials being generally more
negative with hydroxy substitution
at outer ring positions.
1,3-DHP
1,4-DHP
1,6-DHP
1,8-DHP
1,9-DHP
2,3-DHP
2,7-DHP

Eo1/2 (V vs Hg/HgO)
−0.88
−0.80
−0.98
−1.09
−0.88
−1.14
−1.04

RFB Performance of 1,3-DHP
 The inclusion of hydroxyl groups (deprotonated in base) can
cause the free energy of the undesired tautomerization reaction to
vary widely. DFT calculated energies of this reaction are highly
dependent on the substitution pattern.
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 When hydroxyl groups are incorporated at the interior 1, 4, 6, or 9
position, the 3,4-dihydro tautomer is energetically disfavored.
 If only substituted at the outer 2, 3, 7, or 8 position, the 3,4dihydro tautomer is energetically favored.
 The solubility of dihydroxyphenazines isomers is difficult to
predict, but generally increases with asymmetry.

 The DFT predicted
tautomerization
energies accurately
reflect the observed
capacity retention in
flow
cells
of
DHP/ferrocyanide.

 The derivative 1,3-DHP possesses a good balance of stability (as
low as 0.03% per day capacity loss), solubility (up to 1.6M), redox
potential (-0.88V vs Hg/HgO at pH 14), and synthetic scalability.
 A prototype-scale 780 cm2 cell was operated with a 0.7M solution
of 1,3-DHP as anolyte and 0.7M ferrocyanide as catholyte.
 At 225 mA/cm2, EE of 66%

Summary and Future Work:

 Cycling stability of dihydroxyphenazines can be significantly
increased by specific substitution patterns.
 Derivatives with improved stability typically come with reduced
solubility and/or redox potential, imposing performance/stability
trade-offs.
 The performance of an optimized derivative, 1,3-DHP, was
demonstrated in a prototype-scale 780 cm2 cell.
Continue to improve flow battery performance of DHP derivatives in
prototype-scale cells
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