
-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5
f1 (ppm)

3.
04
0.
08

2.
02

1.
93
0.
02
1.
99
2.
00
0.
02

A (d)
8.94

B (m)
8.79

C (d)
8.41

D (d)
7.93

E (s)
4.48

F (d)
9.09

G (d)
8.57

H (s)
4.55

4.
48
4.
55

7.
93
7.
94
8.
41
8.
42
8.
58
8.
79
8.
79
8.
93
8.
94
9.
09
9.
10

a)

b)

Fig. S1. (a) 1H NMR of synthetic MMV, and (b) 13C NMR of synthetic MMV
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a)

b)

Fig. S2 (a) 1H NMR of synthetic DMV, (b) 13C NMR of synthetic DMV

Table S1. Properties of Interpolymer anion exchange membrane (IPAEM)1.

Membrane Structure 
properties

Ion-
exchange 
capacity 
(meq/g)

Thickness 
(mm)

Water 
content 

(%)

Area 
resistance 
(Ω cm2)

Permselectivity 
(%)

IPAEM Anion 
LDPE/HDPE

0.8–0.9 0.16–0.18 15 2.0–4.0 92
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 b) i)
ii)

Fig. S3 Parameter leading to capacity loss (a) (i) Side reaction of DMV as well as dimer 
formation (ii) confirmation of side product by 1H NMR. (b) UV-spectra of crossover 
electrolyte
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Fig. S5 degradation of mechanism of MMV in aqueous alkaline medium 
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b)

Fig. S4 Parameter leading to capacity loss (a) Side reactions of viologen (i) SN2 
reaction, (ii) nucleophilic aromatic substitution reaction, (iii) confirmation of side 
product i and ii by 1H NMR. (b) UV-spectra of crossover electrolyte
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Table S2. Comparison chart of All ORFBs.

Negolyte/ 
posolyte 

Solubility 
in water

Concentration Current 
Density,
CE, EE

Capacity 
retention

Cell 
cycle 
number

Peak 
power 
density

Ref.

AQDS/SBQ 2 M 1 M H2SO4 98%, NA 99.95% 
per cycle 

25 - 2

2,6-DHAQ 
/Fe(CN)6

4− 
1 M 1 M KOH 100 mA 

cm-2 

99%, 
84%

99.9% per 
cycle  

100 450 mW 
cm−2 

3

DHBQ/K4Fe
(CN)6 

> 8 M in 1 
M KOH 

1 M KOH 100 mA 
cm−2 
99%, 
65% 

99.76% 
per cycle 

150 300, 164,
and 137 
mW cm−2

4

Alloxazine/ 
K4Fe(CN)6 + 
K3Fe(CN)6

1 M 1 M KOH 100 mA 
cm-2 
99.7%,

99.98% 
per cycle

400 350 mW 
cm−2 

5

FMN-Na/ 
K4Fe(CN)6 

1 M 1 M KOH and 1.5 
M with 
nicotinamide 
additive Average

100 mA 
cm-2 99%

 99% 200 160 mW 
cm-2 

6

4-hydroxy 
TEMPO/ 
MVi2

2.1 M 1.5 M NaCl 40 mA 
cm-2

99%, 
70.9%

99% 100 NA 7

4-sulfate-
TEMP/ Zn 

1 M 1 M in 2 M ZnCl2 
+ 2 M NH4Cl

40 mA 
cm-2 
98.1%, 
65%

93.6% 1100 NA 8

MV/ FcNCl 3.5 M 1 M NH4Cl 60 mA 
cm−2 > 
99%, 
65%

81%, 500 100 
mWcm-2

9

BTMAP2+-
Vi2+/ 
BTMAP2+-
Fc

2.0 M 1 M
NaCl

50 mA 
cm−2 > 
99.95%, 
> 65%

98.58%, 250 NA 10

(SPr) 2V/KI 2.0 M 2 M KCl 60 mA 
cm−2 > 
99%, 
58%

94.1%, 300 67.5 mW 
cm-2

11

BSP-Vi/ DS-
Fc 

2.0 M 0.5 M NaNO3 96% 90% 70 NA 12

DMV/ 
K4Fe(CN)6 
+ 
K3Fe(CN)6

3.5 M 0.5 M in 1 M 
NH4Cl

80 mA 
cm−2 

98%, 
57%

98.9%
Per cycle

200 76    mW 
cm-2 

This 
work

MMV/ 
K4Fe(CN)6 
+ 
K3Fe(CN)6

2.5 M 0.8 M in 1 M 
KOH

100 mA 
cm−2 

98%, 
61%

99.9% 
Per cycle

500 113 mW 
cm-2

This 
work 

Computational Methodology



All geometries of studied isodesmic reactions were fully optimized using the B3LYP/6-311++G(d,p) 

level of theory in the aqueous phase using the SMD solvation model13-15. The confirmation of minimum 

optimized geometries were carried out by analysis of positive vibrational frequencies. The binding 

energies were calculated using Equation 4.

Binding Energy, (ΔE) = Eproducts – Ereactants                                                                                            (4)

Where Eproducts refers to the sum of the energies of products and Ereactants refers to the sum of the energies 

of reactants in studied isodesmic reactions, respectively. All the calculations were performed using the 

Gaussian 09 suite of program16. 
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