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Figure S1 Schematic representation for the synthesis of TiNb2O7 and TiNb2O7-rGO 

nanocomposite materials. 
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Figure S2 The configurations of single cell test for all VRFBs. 

 

 

Figure S3 Raman spectra of TiNb2O7 and TiNb2O7-rGO (as inset from Figure 1b). 
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The Surface morphologies of GF, and (TiNb2O7–rGO–GF) were characterized by FESEM. 

As shown in Figure S4 a, b with different magnifications, due to the heat treatment, the GF 

shows a smooth and clean surface without observable impurities, which can provide suitable 

substrate for the TiNb2O7–rGO.1 Figure S4 c, d with lower magnifications show the TiNb2O7–

rGO uniformly covers the surface of the GF. From Figure S4 e, f at higher magnifications, it is 

observed that the nanocomposite catalyst is distributed across the rGO surface and cross section 

of the electrode. The morphology of TiNb2O7–rGO was in accordance with the Brunauer-

Emmett-Teller (BET) results in which a large surface area was recorded for the TiNb2O7–rGO 

modified GF electrode.  

 

 

Figure S4: SEM images with different magnifications of (a, b) heat treated pristine GF and (c-f) 

GF modified with TiNb2O7–rGO electrocatalyst. 
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Figure S5 EDX images of TiNb
2
O

7
-rGO.  

 

Figure S6 TEM images of (a) pure TiNb
2
O

7, (c, d) TiNb
2
O

7
-rGO, and (b) HRTEM image of 

TiNb
2
O

7.  
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Figure S7 (a) XPS narrow scan C1s in GO and TiNb
2
O

7
-rGO and (b) TGA curves of pure 

TiNb
2
O

7 
and TiNb

2
O

7
-rGO with different weight ratio.   

 

Figure S8 Nitrogen adsorption and desorption isotherms and the corresponding pore size 

distribution curves of (a) TiNb
2
O

7
, (b) rGO, and (c) TiNb

2
O

7
-rGO. 
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Table S1 Parameters for all electrocatalyst obtained from Figure S8 

Sample SBET (m2 g−1) Pore volume (cm3 g−1) Pore size (nm) 

TiNb2O7 16.4 0.0424 12.25 

rGO 45.1 0.0994 10.33 

TiNb2O7–rGO 204 0.242 7.80 

 

Table S2 Electrochemical properties result obtained from CV curves (Figure 5a). 

Electrode Jpa(mA cm−2) Jpc (mA cm−2) Epa (V) Epc (V) ΔEp (mV) 

TiNb2O7 --- ---- ---- ---- ---- 

rGO 13.7 -47.5 0.523 0.208 315 

TiNb2O7-rGO 24 -48 0.453 0.208 245 

 

Table S3 Electrochemical properties result obtained from CV curves (Figure 5b). 

Electrode Jpc (mA cm−2) Jpa (mA cm−2) Epc (V) Epa (V) ΔEp (mV) 

TiNb2O7 -7.5 14.7 1.31 0.963 328 

rGO -8.6 16.1 1.19 1.04 152 

TiNb2O7-rGO -10.7 20.8 1.19 1.04 150 
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Table S4 EIS fitting results from Figure 6a 

Electrode Rs (Ω) CPE1 Rct (Ω) CPE2 

  CPE1-T CPE1-P  CPE2-T CPE2-P 

TiNb2O7 3.50 6.5E-5 0.826 34.4 0.00842 0.609 

rGO 3.37 4.27E-4 0.8474 18.01 0.0332 0.504 

TiNb2O7-rGO 3.75 0.000107 0.8073 13.21 0.11403 0.635 

 

Table S5 EIS fitting results from Figure 6b 

Electrode Rs (Ω) CPE1 Rct (Ω) CPE2 

  CPE1-T CPE1-P  CPE2-T CPE2-P 

TiNb2O7 3.96 5.07E-5 0.828 24.6 0.0237 0.543 

rGO 3.6 9.4E-5 0.855 16.1 0.0331 0.388 

TiNb2O7-rGO 3.41 0.000134 0.7897 10.72 0.0664 0.4028 

 

Figure S9 shows the fitting results for TiNb2O7, rGO, and TiNb2O7–rGO. From the figure we 

can see that the raw data and the fitting results are perfectly overlap each other which confirms 

all the parameters after the fitting data are obtained with the lowest possible minimum error. 
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Figure S9 The EIS raw data (black) and fitting results (red) for (a) TiNb2O7, (b) rGO, and (c) 

TiNb2O7–rGO under the polarization potential of 0.5 V.  

 

Table S6 Efficiencies of the cells measured at different current densities. 

Electrode Current density  

(mA cm−2) 

Average efficiency (%) for  cycles 

CE VE EE 

 

 

 

GF 

40 93.4 80.1 74.46 

60 93.6 78.2 73.16 

80 94.1 76.54 72.0 

100 94.94 73.36 69.64 

120 96.28 70.0 67.36 

140 97.04 66.2 62.28 

160 ------ ------ ------- 

40 93.1 81.3 75.84 

     

 

TiNb2O7-GF 

40 93.28 82.4 76.9 

60 93.48 80.56 75.3 

80 94.08 78.9 74.2 
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100 94.9 75.9 72.0 

120 96.28 72.1 69.5 

140 96.48 69.5 67.1 

 160 97 69.9 60.58 

 40 93.28 83.86 78.24 

 

 

 

 

 

rGO-GF 

40 93.18 87.2 81.2 

60 93.28 84.6 78.9 

80 94.64 82.7 77.74 

100 95.16 79.0 75.2 

120 96.4 75.7 73.0 

140 97.06 72.5 70.36 

160 97.54 69.6 67.9 

40 93.18 85.8 81.5 

     

 

 

 

TiNb2O7-rGO-GF 

40 93.2 91.6 85.48 

60 93.3 91.3 85.2 

80 94.5 88.1 83.1 

100 95.64 86.2 82.42 

120 96.3 82.7 79.7 

 140 96.42 79.5 76.7 

 160 97.54 74.1 72.7 

 40 93.2 91.9 85.8 
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Table S7 Comparison of CE, VE and EE of the TiNb2O7-rGO-GF vs. previously reported 

materials. 

Materials Electrolyte Current density  

(mA cm
-2

) 

CE 

(%) 

VE 

(%) 

EE 

(%) 

Ref. 

WO3/GF 1 M VOSO
4 

+ 3 M H
2
SO

4
 100 99.7 72.2 72 2 

WO3/SAC 1.5 M VOSO
4
 + 3 M H

2
SO

4
 60 95.1 81.5 78.1 3 

CeO2/GF 2 M VOSO
4
 + 2 M H

2
SO

4
 100 87.9 84.2 74.0 4 

CeO2/ECNF 0.85 M VOSO
4
 + 3 M H

2
SO

4
 100 - - 74.5 5 

MoO2/MSU-FC 1 M VOSO
4
 + 1 M H

2
SO

4
 40 87.6 89.0 87.0 6 

Mn3O4/CF 2 M VOSO
4
 + 2.5 M H

2
SO

4
 40 83.5 91.0 76.0 7 

PbO2/GF 0.5 M VOSO
4
 + 3 M H

2
SO

4
 80 99.7 78.3 78.1 8 

Ir/CF 0.5 M VOSO
4
 + 2 M H

2
SO

4
 20 79.7 87.5 69.7 9 

Pt/MWNTs 1 M VOSO
4
 + 1 M H

2
SO

4
 20 83.9 27.6 23.1 10 

TiNb2O7-rGO-GF 1.6 M VOSO
4
 + 2.5 MH

2
SO

4
 80 

120 

94.5 

96.3 

88.1 

82.7 

83.1 

79.7 

Our 

work 
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