
Results 

The reduction and oxidation of 

quinones can occur in a two-

electron step, or in two one-

electron steps. Up to two hydrogen 

ions are also transferred in the 

process. In aqueous solution, the 

pH will determine which pathway is 

preferred. 

Cyclic voltammetry (CV), 

differential pulse voltammetry 

(DPV) and square wave 

voltammetry (SWV) was measured 

at varying pH. The observed 

behaviour corresponds very well to 

that predicted by DFT calculations 

(see calculated and experimental 

redox potentials to the right). 
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Idea 

Fusion of p-benzoquinone and pyrrole results in 

isoindole-4,7-dione (IID), a bifunctional molecule with 

properties of both compounds. The pyrrole moiety 

makes it possible to polymerize the compound into a 

conducting polymer, and the quinone moiety enables 

redox cycling at a fixed potential, which is desirable in a 

cathode material for Li ion batteries. 

 

Computations 

Quinones (Q) are reduced to hydroquinones (HQ) via an 

intermediary semiquinone (SQ) state. Using density 

functional theory (DFT), it is possible to calculate redox 

potentials for all steps involving hydrogen and electron 

transfers. 

Redox potentials was calculated for 16 IIDs. The 

potential and the specific capacity determines the 

specific energy of the material in a battery cathode. 4, 6, 

7 and 16 are predicted to have highest redox potential. 

Polymerizability can be predicted from the pyrrole 

oxidation potential and the spin density distribution. As   

rules of thumb: 

• The oxidation potential must fall within the solvent 

potential window. 

• A high spin density on positions 1 and 3 is required. 

Calculations indicate that this is the case for 4, 6 and 7. 

Conclusions 

DFT calculations were 

used to predict redox 

potentials, pKa values 

and spin density 

distributions for the 

series of IIDs. 

With these factors as a 

guide, three compounds 

from the series were 

deemed to be most 

promising for lithium ion 

battery cathode materials 

(namely 4, 6 and 7), 

since they are predicted 

to give a high cell 

voltage, have high 

specific energy and to be 

readily polymerizable. 
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