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Figure S1. 1H NMR spectrum of brominated PPO (Bruker Avance 400 spectrometer). 

  



 

 

 
Figure S2. 1H NMR Spectra of vinylimidazolium PPO (VIMPPO) (Bruker Avance 400 spectrometer). 

 

 
Figure S3. SEM image of ion exchange coating surface (left), EDS map - Nitrogen distribution (right). 



 

 

 
Figure S4. UV-vis spectra recorded for the tested solution (Ex-situ chemical stability) - comparison between the of different 
composite membranes. 

 
Figure 5. UV-vis spectra recorded for the tested solution (Ex-situ chemical stability: short term 
stability of the coating’s component: matrix UV-cured acrylamides), and VIMPPO cured alone. 



 

 

 
Figure S6. Cycling performance of the VRFB cell assembled with the membrane VIMPPO_15% - over 50 cycles at 80 mA 
cm-2: a) charge discharge curves recorded, b) coulombic, voltage and energy efficiency of the cell. 

Table S1. Performance of VRFB single cells (active area – 20 cm2) assembled with different membranes. 

Current 
Density 

[mA.cm2] 

VIMPPO_20% 
Coulombic 

Efficiencyaverage [%] 
Standard 
Deviation 

Voltage 
Efficiencyaverage [%] 

Standard 
Deviation 

Energy 
Efficiencyaverage [%] 

Standard 
Deviation 

20 93.3 0.6 91.7 0.6 85.5 0.4 
50 97.1 0.3 79.1 1.2 76.8 1.1 
80 97.9 0.3 68.5 1.0 67.1 0.9 
 VIMPPO_15% 

20 91.5 1.2 93.7 0.9 84.7 3.2 
50 95.8 1.0 85.0 1.4 81.5 2.2 
80 97.9 0.8 76.7 0.9 75.1 1.0 
 VIMPPO_10% 

20 84.3 1.6 92.5 0.3 78.0 1.7 
50 93.1 1.0 82.7 0.8 77.0 1.4 
80 95.2 0.8 73.8 1.0 70.0 1.6 
 FAP 450 

20 95.4 0.9 92.5 0.3 88.2 0.7 
50 97.9 0.4 82.5 0.3 80.8 0.3 
80 98.3 0.7 74.3 0.4 73.0 0.6 
 N115 

20 96.4 0.3 92.9 0.8 89.9 1.0 
50 98.1 0.6 83.7 1.4 82.7 1.4 
80 98.5 0.3 76.4 1.2 75.0 0.9 

 

  



 

 

Table S2. Permeability coefficients calculated for the composite membranes and the commercial 
AEM – FAP 450. 

 Permeability Coefficients [cm2 min-1] 
VIM PPO 100% 1.34E-07 
VIM PPO 25% 2.17E-07 

FAP 450 4.82E-07 
VIM PPO 20% 2.18E-07 
VIM PPO 17% 3.42E-07 
VIM PPO 15% 3.20E-07 
VIM PPO 12% 3.73E-07 
VIM PPO 10% 5.70E-07 

  
 

In the case of the composite membranes the thickness of the entire membrane consists 
of the thickness of the porous support and the thickness of the layer. Since the permeation 
of vanadium ions is in majority slow down by the coating layer, the permeability coeffi-
cients were calculated taking the coating layer thickness into the consideration. This al-
lows to compare the obtained results with the one of a dense FAP 450 membrane.  

 


