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Calculation of specific energy density 

Note the specific capacity of the anode is qa and that of the cathode is qc, the weight of 

anode is ma and that of cathode is mc, the total weight of electrolyte, collectors, and case 

is MT, and the total weight of the battery is MD. We take qa = 372 mAh g-1 and qc = 

100 mAh g-1 here. The capacity of anode should be 10% higher than the capacity of 

cathode, namely, ma*qa = 1.1*mc*qc. Therefore, the mass ratio of anode and cathode 

in a dual-graphite battery is ma = 0.3mc. 

 

Assume that the total mass of a coin-type battery is comprised of 60% from anode and 

cathode, and 40% from electrolyte, separator, collectors, and case. ma + mc = 60%*MD,  

So, MB = 2.1 mc, MT = 0.84 mc. In this battery system, as graphite paper acted as both 

cathode and current collector, the mc is 0. The weight ratio of anode (noted as r) should 

be r = mc/(mc + MT) = 54%. We note the specific energy density based on the weight 

of cathode as Ec, and that based on the weight of total battery as ED. Therefore, the 



 

 

relationship between Ec and ED is EB= 54%*Ec, where Ec can be read directly from 

the charge-discharge test results. 

 

Supplementary Table 1. The elemental percentages of C, N, and O according to 

the results of XPS-mapping. 

Technology 
o-PDI（%） 

     

m-PDI（%）  p-PDI（%） 

C N O C N O C N O 

XPS-mapping 84.5 4.2 11.3 86.3 4.1 9.6 87.5 3.9 8.6 

 

Supplementary Table 2. Comparison of the electrochemical performance of DIBs 

based on pure ionic liquid electrolytes. 

Anode 

materials 

Electrolytes Capacity 

(mAh/g) 

Retention References 

o-PDI Pyr14TFSI 144 at 0.2 C 100% after 4000 

cycles at 10 C 

This work 

m-PDI Pyr14TFSI 222 at 0.2 C 100% after 4000 

cycles at 10 C 

This work 

p-PDI Pyr14TFSI 168 at 0.2 C 100% after 4000 

cycles at 10 C 

This work 

NTCDA EMImTFSI 114 at 0.1 C 71.38% after 100 

cycles at 2 C 

1 

Graphite Pyr14TFSI 49 at 0.5 C 60% after 100 cycles 

at 0.5 C 

2 

MoS2 EMImTFSI 77 at 0.5 C 84.3% after 300 

cycles at 4 C 

3 

KS6 EMImTfO 46.2 at 4 C 71% after 100 cycles 

at 4 C 

4 

CG PP14TFSI 82 at 0.3 C 100% after 600 cycles 

at 3 C 

5 



 

PAQS Pyr13TFSI 47.4 at 2 C 91.4% after 100 

cycles at 2 C 

6 

PAQS PP14TFSI 43 at 1 C 98.3% after 100 

cycles at 1 C 

7 

Graphene EMImPF6 / 90% after 1000 cycles  8 

AC EMImPF6 / 83% after 50 cycles at 

5 C 

9 

PAQS Pyr14TFSI 101 at 10 C 84.9% after 1000 

cycles at 120 C 

10 

Graphite DMPIAlCl4 80 at 3 C 92% after 500 cycles 

at 3 C 

11 

PCT Pyr14TFSI 164.5 at  

0.1 C 

92.2% after 100 

cycles at 5 C 

12 

PI/NaCl EMImTFSI 79 at 1 C 96% after 300 cycles 

at 5 C 

13 

GP PP14NTF2 56.9 at 2 C 74.7% after 100 

cycles at 2 C 

14 

SP DMPIAlCl4 77 at 3 C 92% after 300 cycles 

at 3 C 

15 

 

  



 

 

Supplementary Table 3. Comparison of the self-discharge rate with other reported 

DIBs. 

DIBs Structure Self-discharge rate Current density Reference 

o-PDI (-) 

// Pyr14TFSI // 

Graphite paper (+) 

0.817% h-1 300 mA g-1 This work 

m-PDI (-) 

// Pyr14TFSI // 

Graphite paper (+) 

0.371% h-1 300 mA g-1 This work 

p-PDI (-) 

// Pyr14TFSI // 

Graphite paper (+) 

0.603% h-1 300 mA g-1 This work 

ɑ-Fe2O3 (-) 

// LiTFSI-Pyr14TFSI // 

Graphite (+) 

1.1% h-1 200 mA g-1 16 

Graphite (-) 

//AlCl3
-EMImCl // 

Graphite (+) 

16.82% h-1 500 mA g-1 17 

PCT (-) 

// Pyr14TFSI // 

Graphite (+) 

4.68% h-1 100 mA g-1 12 

MoS2 (-) 

// EMImTFSI // 

Graphite (+) 

16.5% h-1 400 mA g-1 3 

Graphite (-) 

// PP14TFSI // 

Graphite (+) 

12% h-1 0.65 mA cm-2 5 

Active carbon (-) 

// Li2SO4 // 

Active carbon (+) 

2% h-1 / 18 

NTCDA (-) 

// Pyr14TFSI // 

Natural graphite (+) 

6.12% h-1 10 mA g-1 1 



 

PPTO@CNTs (-) 

// NaPF6-DEGDME // 

Na (+) 

4.58% h-1 100 mA g-1 19 

3D-NTC750(-) 

// KPF6-EC-DEC // 

PTCDA (+) 

0.088% h-1 200 mA g-1 20 

Blending graphite (-) 

// LiPF6-FEC-FEMC // 

Blending graphite (+) 

1.56% h-1 100 mA g-1 21 

Li (-) 

// LiPF6-EMC // 

NG@PPA (+) 

0.55% h-1 100 mA g-1 22 

 

 

 

Schematic S1. Schematic diagram of the synthesis reaction of o-PDI, m-PDI, and p-

PDI. 



 

 

 

Supplementary Figure S1. Highly directed SEM of o-PDI and corresponding EDS 

mapping. 

 

Supplementary Figure S2. Highly directed SEM of p-PDI and corresponding EDS 

mapping. 

 

 

Supplementary Figure S3. XPS high-resolution C 1s fitted spectra of (a) o-PDI and 

(b) p-PDI. 

 



 

 

Supplementary Figure S4. XPS high-resolution N 1s fitted spectra of (a) o-PDI and 

(b) p-PDI. 

 

 

Supplementary Figure S5. XPS high-resolution O 1s fitted spectra of (a) o-PDI and 

(b) p-PDI. 

 



 

 

 

Supplementary Figure S6. Digital photos of color variation based on Pyr14TFSI ionic 

liquid system. 

 

 

Supplementary Figure S7. CV curves of PMDA electrode at 1 mV/s with different 

cycles. 



 

 

Supplementary Figure S8. The GCD curves of (a) PMDA, (b) o-PDI and (c) m-PDI. 

 

 

Supplementary Figure S9. The dQ/dV curves of (a) PMDA, (b) o-PDI and (c) m-PDI. 

 



 

 

 

Supplementary Figure S10. CV curves at different scan rates for (a) o-PDI and (b) p-

PDI. 

 

 

Supplementary Figure S11. b-values of (a) o-PDI and (b) p-PDI based on redox 

peaks. 

 



 

 

Supplementary Figure S12. Pseudocapacitance contribution of (a) o-PDI and (b) p-

PDI at 1 mV/s. 

 

 

Supplementary Figure S13. Pseudocapacitance contribution of (a) o-PDI and (b) p-

PDI at different rates. 

 



 

 

 

Supplementary Figure S14. Linear relationship between the peak current and the square 

root of scan rates under redox peaks. (a) o-PDI and (b) p-PDI. 

 

 

Supplementary Figure S15. Graphite paper before (a) bending, (b) after bending and 

(c) after spreading. 

 



 

 

Supplementary Figure S16. XRD characterization of graphite paper. 

 

 

Supplementary Figure S17. Raman characterization of graphite paper. 

 



 

 

 

Supplementary Figure S18. dQ/dV curves of (a) o//G-DIB and (b) p//G-DIB at 

different rates. 

 

 

Supplementary Figure S19. Electrochemical impedance spectra of (a) o//G-DI and (b) 

p//G-DIB. 

 



 

 

Supplementary Figure S20. The dQ/dV curve of conductive agent Super P. 

 

 

Supplementary Figure S21. The GCD curve of conductive agent Super P. 

 



 

 

 

Supplementary Figure S22. The resting and unresting time-voltage curves of (a-b) 

o//G-DIB, (c-d) m//G-DIB and (e-f) p//G-DIB. 

 



 

 

Supplementary Figure S23. FT-IR characterization of m//G-DIB under pristine, fully 

charged and fully discharged states. 

 

 

Supplementary Figure S24. XPS characterizations of anode under pristine, fully 

charged/discharged state. 

 



 

 

 

Supplementary Figure S25. XPS full spectra of m//G-DIB under pristine, fully charged 

and fully discharged states. 

 

 

Supplementary Figure S26. The IG/ID values based on different charging and 

discharging stages. 



 

 

 

Supplementary Figure S27. The morphology of the origin and after 1000 cycles: (a-b) 

Cathode before cycling, (c-d) Cathode after 1000 cycles, (e-f) Anode before cycling, (g-

h) Anode after 1000 cycles. 
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