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Fig. S1 (a) The situation of the C4N2-VO sample with water for three days. (b) TG plot 
of C4N2-VO sample in 300–1073 K.
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Fig. S2 Experimental and fitted impedance spectra of C4N2-VO at the selected 
temperatures (Inset: the equivalent circuit).



Fig. S3 Experimental and fitted impedance spectra of C4N2-VO at the selected 
temperatures (Inset: the equivalent circuit).

Fig. S4 Plots of σtotal vs. T of C4N2-VO.



Fig. S5 (a) CV curves for the first ten cycles in the 0%-PEG electrolyte. (b) Charge-
discharge curves at 0.2 A g-1 of C4N2-VO in the 0%-PEG electrolyte. 

Fig. S6 Ragone plot of C4N2-VO cathode in the 20%-PEG electrolyte. 

 

Fig. S7 (a) CV curves at different scan rates under 0%-PEG electrolyte. (b) Log (i) vs. 

log (v) plot of four peaks in CV curves in the 0%-PEG electrolyte. 
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Table S1 The proton conductivity performance of common proton–conducting 
materials.

Compounds

Proton 
Conductivity

(S·cm-1)

Temperature / 
humidity

Ref.

{[Zn-
(C10H2O8)0.5(C10S2N2H8)]·2H2

O]}n

4.39 × 10-4
353 K /

 98% RH
1

(C6N4H22)0.5[Zn(HPO4)2] 4.60 × 10-4
333 K /

 98% RH
2

Ni(HEDPH3)2(2,2’-Bipy)·H2O 2.50 × 10-3
363 K /

 98% RH
3

PILP-OTF@MIL-101 7.61 × 10-3
358 K /

 98% RH
4

(C2N2H10)0.5CoPO4 2.05 × 10-3
329 K /

 98% RH
5

(CH3NH3)2Ag4Sn3S8 1.14 × 10-3
340 K /

 99% RH
6

MOF-801 1.88 × 10-3
298 K /

 98% RH
7

C4N2-VO 1.18 × 10-3
358 K /

 98% RH
This work



Table S2 The proton conductivity performance of water–assisted vanadium–based 
proton conductors.

Compounds
σproton

(S·cm-1)
Temperature / 

Humidity
Ref.

(C6H14N2)[(VO)P2O7] 3.30 × 10-4
323 K /

 100% RH
8

V2O2(HPO4)(HPO3)(C2O4)2·(C4N2

H12)2·2H2O
4.35 × 10-4

348 K /
 98% RH

9

Na4[V12B18O54(OH)6(H2O)]·(H2en)

4·2(OH)·3H2O
2.55 × 10-4

333 K / 
100% RH

10

[Ni(en)3]3·[1,3-
dap]2·H6[V10B26O60(OH)10]

1.78 × 10-3
323 K / 

100% RH
11

K2[(VO)2(HPO4)2(C2O4)] 1.15 × 10-2
313 K / 
95% RH

12

[Cd(en)2]2[(VIVO)10(VVO)2B32O66(
OH)18(H2O)8]·14H2O

9.52 × 10-4
358 K / 
98% RH

13

C4N2-VO 1.18 × 10-3
358 K / 
98% RH

This work



Table S3 Comparison of the electrochemical performance of vanadium oxide–based 
cathode materials for AZIBs.

Compounds
Specific 
capacity 

(mAh g-1)

Operating 
conditions 

(V)

Capacity 
retention

(loss / cycle)
Electrolyte Ref.

MnVO
415.0

(0.05 A g-1)
0.2 – 1.6

8% / 2000
(4 A g-1)

3 M 
Zn(OTf)2

14

NH4V4O10
423.8

(0.1 A g-1)
0.5 – 1.7

13% / 2000
(2 A g-1)

3 M 
Zn(OTf)2

15

Ba0.23V2O5·1.1H2O
378

(0.1 A g-1)
0.3 – 1.6

7% / 2000
(5 A g-1)

3 M 
Zn(OTf)2

16

Na2V6O16·1.63H2O
352.0

(0.05 A g-1)
0.2 – 1.6

10% / 6000
(5 A g-1)

3 M 
Zn(OTf)2

17

V2O5
187.7

(1 A g-1)
0.4 – 1.4

11% / 180
(1 A g-1)

1 M ZnSO4 
with 20% 

PEG
18

Na0.33V2O5
367.1

(0.1 A g-1)
0.2 – 1.6

7% / 1000
(1 A g-1)

3 M 
Zn(OTf)2

19

(NH4)2V4O9
376.0

(0.1 A g-1)
0.3 – 1.3

22% / 2000
(5 A g-1)

3 M 
Zn(OTf)2

20

Ba1.2V6O16·3H2O
345.5

(0.1 A g-1)
0.3 – 1.4

4% / 2000
(5 A g-1)

2 M ZnSO4 21

HNaV6O16·4H2O
444.0

(0.5 A g-1)
0.2 – 1.6

6% / 1000
(5 A g-1)

3 M 
Zn(OTf)2

22

Ag2V4O11
210.0

(0.2 A g-1)
0.4 – 1.7

7% / 6000
(5 A g-1)

3 M 
Zn(OTf)2

23

C4N2-VO
382.4

(0.2 A g-1)
0.2 – 1.6

6% / 2000
(5 A g-1)

3 M 
Zn(OTf)2 

with 20% 
PEG

This 
work
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