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Fig. S1 Cyclic voltammetry of 5 mM of (a) CDA and (b) CDO at the scan rate of 10 mV/s in 

1 M KOH supporting solution.



Fig. S2 (a) The linear sweep voltammetry of 5 mM of   at 10 mV/s scan rate in 𝐾4[𝐹𝑒
𝐼𝐼(𝐶𝑁)6]

1 M KOH supporting electrolyte using RDE  (b) levinch plot ω ½ against limiting current to 

calculate the D value of  (D - 6.15 × 10−6 cm2 s−1) (c) levinch plot of 𝐾4[𝐹𝑒
𝐼𝐼(𝐶𝑁)6]

 derived from (a), (d) Tafel plot of  derived from (c) to find the 𝐾4[𝐹𝑒
𝐼𝐼(𝐶𝑁)6] 𝐾4[𝐹𝑒

𝐼𝐼(𝐶𝑁)6]
kinetic rate constant k0- 5.93 × 10 −2 cm2 s−1. 



Fig. S3 (a,c) shows the UV-vis spectra of CDA and CDO at various Concentration, the red line 
indicates saturated CDA and CDO solutions diluted to 18 k and 12k times in 1 M KOH (b) 
shows the absorbance peak of different concentrations of CDA at 215 nm (d) illustrate the 
absorbance peak of different concentrations of CDO at 348 nm.



Fig. S4 (a) shows FTIR spectra of the pristine  X-37 FA membrane and the X-37 FA membrane 
 after 10 cycles of CDO and CDA (b) displays the chemical structure of the X-37 FA 
membrane.



Fig. S5 shows the ARFB results of (a, b) charge-discharge profile of CDA and CDO (c, d) no 

of cycles vs charge, discharge capacity and CE of CDA and CDO (The capacity-limiting side 

contains 25 ml of 0.4 M CDA/CDO, while the non-capacity-limiting side contains 50 ml of 0.4 

M in 1 M KOH. The solutions are circulated through the flow cell at 80 rpm, 𝐾4[𝐹𝑒
𝐼𝐼(𝐶𝑁)6]

with a current density of 40 mA/cm² applied for analysis within a voltage range of 0-2 V) 



Fig. S6 shows the ARFB results of (a, b) cycle number vs CE, EE, and VE of CDA and CDO 

(The capacity-limiting side contains 25 ml of 0.4 M CDA/CDO, while the non-capacity-

limiting side contains 50 ml of 0.4 M  in 1 M KOH. The solutions are circulated 𝐾4[𝐹𝑒
𝐼𝐼(𝐶𝑁)6]

through the flow cell at 80 rpm, with a current density of 40 mA/cm² applied for analysis within 

a voltage range of 0-2 V) 

 

Fig. S7 Shows the molecular charge distribution of CDA, CDO, 4-HPD− and THD−. 



Fig. S8 Cyclic voltammetry of 5 mM CDO at a scan rate of 10 mV/s in a 1 M KOH supporting 

solution, along with a schematic representation of the H-bonded THD, highlighting the 

activated carbonyl group indicated by a red circle. The reversibility of the CV was analyzed 

over a potential range from -0.7 V to 0.5 V, revealing two oxidation peaks close to 0 V and 

0.37 V. The first oxidation peak near 0 V is attributed to the carbonyl group at the 4th position, 

which degrades within 10 cycles (Fig. S1). The second oxidation peak at 0.37 V is associated 

with two α-carbonyl groups, with the α-carbonyl group at the 5th position being particularly 

involved in the redox reaction. This involvement is supported by evidence of intermolecular 

hydrogen bonding and further confirmed by DFT analysis (Fig.S7). The intermolecular 

hydrogen bonding activates the carbonyl group, which leads to the redox process. The 

reduction process involves a one-electron transfer that occurs after 10 cycles.1 These observed 

peak shifting in the CV, along with the resulting degradation, are directly related to the of 

capacity deterioration at the beginning of the charge-discharge cycles, as shown in Fig. 2 and 

S5.
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