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Supplementary Notes: 
Supplementary Note 1 - Diffusion coefficient calculation based on EIS spectra 
EIS is a powerful tool to investigate electrical properties of materials surface in association 
with physicochemical processes such as charge transfer of electronic and ionic charge 
carriers, mass transport through diffusion and convection.1 The Nyquist plots typically can be 
divided into three sections, namely high, mid and low frequency regions. The high frequency 
region reflected the conduction through electrolyte, separator and wires.2 The mid 
frequency region is related to the charge transfer and the kinetic reactions.3, 4 The low 
frequency region in which usually featured by 45° slope, represents the diffusion limited 
region in the solid phase and is typically characterized by the Warburg impedance.5, 6 
Basically, there are two equations that define Warburg impedance7: 
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where Z¢ and Z¢¢are real and imaginary impedance, respectively. w is the angular frequency 
and s is the Warburg coefficient. Therefore, The Warburg coefficient (s) can be determine 

by the slope of Warburg plot (Z¢ vs 1 𝜔
!
"⁄ ). Meanwhile, the relationship of Warburg 

coefficient (s) and the diffusion coefficient is given by7:  
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where R is ideal gas constant, T is absolute temperature, n is the number of electron 
transferred, F is Faraday’s constant, A is the area of the electrode, DO and DR are the 
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diffusivity of oxidation and reduction species, respectively. Then CO and CR are the 
concentration of oxidation and reduction species, respectively. In addition, because of the 
fact that only Li+ which moving inside of graphite electrode, the Warburg coefficient (s) can 
be simplified by :  
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where DLi and CLi are the diffusion coefficient and concentration of Li+. 
 
 
Supplementary Note 2 - Sweep rate voltammetry for charge-stored characteristic 
In the battery system, there are consecutive electrochemical reactions occurs in the 
electrodes. The sweep rate voltammetry is one of powerful technique to probe those 
reactions. The total stored charge in a CV curve generally can be separate into three 
components: (a) the faradaic contribution from the Li+ ion insertion process; (b) the faradaic 
contribution from the charge-transfer process with surface atoms, referred to as 
pseudocapacitance; (c) the non-faradaic contribution from the double layer effect.8, 9 
In addition, the contribution of both types capacitive effects, pseudocapacitance and double 
layer effect, can be substantial due to the increasing surface area of the electrode.8 These 
faradaic contribution from insertion process (diffusion control) and capacitive effects can be 
characterized using CV data at various scan rates (see Fig. 3) and expressed by following 
formula:  
 
𝑖 = 𝑎𝑣,     
         
where i is current response to the scan rate v, while a and b are constants. The b value can 
be obtained from the slope of log i vs log v, see Fig. S16a. In addition, if the b value close to 
0.5 would indicate half-infinite linear diffusion controlled process, meanwhile b value close 
to 1 indicates the current is surface controlled.8, 10-12 Since the b value is the sum of faradaic 
response of diffusion controlled and capacitive effects, a closer examination from sweep 
rate voltammetry can be applied to quantify the capacitive effects (k1v) and diffusion 
controlled behavior (k2v1/2) by following formula8, 9, 11, 13:  
 
𝑖 = 𝑘)𝑣 + 𝑘(𝑣)/( 
 
The k1 and k2 values can be determined by plotting i/v1/2 vs v1/2 (see Fig. S16b). 



  

3 
 

 

 
 

Fig. S1. The FTIR spectra of DiCN-aramids. (a) DiCN-Tpa. (b) DiCN-Ether. (c) DiCN-6F. 
 
 
 

 
Fig. S2. 1H and 13C NMR spectra of aramid DiCN-Tpa in DMSO-d6. 
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Fig. S3. 1H and 13C NMR spectra of aramid DiCN-Ether in DMSO-d6. 
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Fig. S4. 1H and 13C NMR spectra of aramid DiCN-6F in DMSO-d6. 

 

 

 
 

 
 

Fig. S5. Solubility test of DiCN-aramids in various solvents. 
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Fig. S6. TGA thermograms of aramids in both air and nitrogen at a scan rate of 20 oC/min. 
 
 
 
 
 

 
 
Fig. S7. The surface and cross-sectional FESEM images of DiCN-aramids before cycling. (a and 
d) DiCN-Tpa. (b and e) DiCN-Ether. (c and f) DiCN-6F. The inset figures are the zoom in 
images from red-dashed square area.   
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Fig. S8. The FESEM-EDS mapping of DiCN-aramids before cycling. (a) DiCN-Tpa. (b) DiCN-
Ether. (c) DiCN-6F. The different color represent different element in the images: Red 
(Carbon); Green (Oxygen); Blue (Nitrogen); and Magenta (Fluorine).  
 
 
 

 
 
Fig. S9. The galvanostatic profile of DiCN-aramids at 0.1 A g-1 current density. (a) DiCN-Tpa. 
(b) DiCN-Ether. (c) DiCN-6F. 
 
 

 
 

Fig. S10. The cycling performance of Super-P anode at 0.372 A g-1. 
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Fig. S11. The long cycling performance of DiCN-aramids at (a) 5 and (b) 10 A g-1, respectively. 
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Fig. S12. Nyquist plots of the DiCN-aramid electrodes before and after 100 cycles: (a) DiCN-
Tpa; (b) DiCN-Ether; (c) DiCN-6F, respectively. (d) Electrical circuit used to fit the EIS data. 
 
 
 

 
 
Fig. S13. The surface and cross-sectional FESEM images of DiCN-aramids after 100 cycles. (a 
and d) DiCN-Tpa. (b and e) DiCN-Ether. (c and f) DiCN-6F. The inset figures are the zoom in 
images from red-dashed square area.   
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Fig. S14. The FESEM-EDS mapping of DiCN-Ether after 100 cycles. (a) Surface. (b) Cross-
section. The different color represent different element in the images: Red (Carbon); Green 
(Oxygen); Blue (Nitrogen); Magenta (Fluorine); and Yellow (Phosphor).  
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Fig. S15. The ex-situ FTIR spectra of DiCN-aramids at various stages during electrochemical 
process. (a) DiCN-Tpa. (b) DiCN-Ether. (c) DiCN-6F. 
 

 
Fig. S16. (a) The b value as slope function of Log scan rate (v) vs Log peak current (i) for DiCN-
aramids. (b) The k1value as slope function of  v1/2 vs i/v1/2 for DiCN-aramids.  
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Fig. S17. The FESEM images of binder-free DiCN-Ether before cycling. (a) Surface. (b) Cross-
section. The inset figures are the zoom in images from red-dashed square area.   
 
 

 
 
Fig. S18. The FESEM-EDS mapping of binder-free DiCN-Ether before cycling. (a) Surface. (b) 
Cross-section. The different color represent different element in the images: Red (Carbon); 
Green (Oxygen); and Blue (Nitrogen).  
 
 
 

 
 
Fig. S19. Solubility test of DiCN-Ether with binder (a) and binder-free (b) in electrolyte. 
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Table S1. Inherent Viscosity and Solubility Behavior of Aramids 

Polymer ηinh 

(dL/g) a 
Solubility in various Solventb 

NMP DMAc DMF DMSO m-Cresol THF CHCl3 

DiCN-Tpa 0.40 ＋＋ ＋＋ ＋＋ ＋＋ ＋ － － 

DiCN-Ether 0.68 ＋＋ ＋＋ ＋＋ ＋＋ ＋ － － 

DiCN-6F 2.07 ＋＋ ＋＋ ＋＋ ＋＋ ＋ ＋－ － 
a Measured at a polymer concentration of 0.5 g/dL in DMAc at 30 oC. 
b The solubility was determined with a 1 mg sample in 1 mL of a solvent. ＋＋, soluble at 

room temperature; ＋, soluble on heating; ＋－, partially soluble or swelling; －, insoluble 
even on heating. 

 
 
Table S2. Thermal Stability of Aramids 

Polymera 
Td

5 (oC)b Td
10 (oC) b 

Rw800
c (%) 

N2 Air N2 Air 
DiCN-Tpa 360 360 450 440 66 
DiCN-Ether 355 350 430 420 62 
DiCN-6F 375 370 490 490 61 
a The polymer film samples were heated at 200 oC for 10 mins prior to all the thermal 

analyses. 
b Temperature at which 5 % and 10% weight loss occurred, respectively, recorded by TGA at 

a heating rate of 20 oC/min and a gas flow rate of 20 cm3/min. 
c Residual weight percentages at 800 oC under nitrogen flow. 
 
 
Table S3. EIS analysis results of aramid anodes (20 wt% of DiCN-aramids) at different cycling 
interval. 
Active material Stages  Rs (W) Rct (W) DLi (cm2 s-1) 

DiCN-Tpa 
Before cycling 4.405 135.7 1.31 x 10-13 
After 100 cycles 5.893 73.37 3.35 x 10-11 

DiCN-Ether Before cycling 2.975 92.86 3.14 x 10-14 
After 100 cycles 7.484 85.15 8.10 x 10-11 

DiCN-6F Before cycling 4.064 145.1 1.44 x 10-14 
After 100 cycles 4.009 158.1 1.32 x 10-12 

 
 
Table S4. EIS analysis results of DiCN-Ether and binder-free DiCN-Ether after 100 cycles. 
Active material Rs (W) Rct (W) DLi (cm2 s-1) 
DiCN-Ether  
    (aramid:conductive carbon:PVDF = 40:50:10) 4.405 76.17 5.61 x 10-13 

Binder-free DiCN-Ether 
    (aramid:conductive carbon = 50:50) 4.073 96.96 4.22 x 10-13 
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Table S5. Summary of polymer-based LiB anodes. 
 

Polymer type Polymer name 
Open 
Voltage 
(V vs. Li/Li+) 

Electrolytes 
Current 
Density 
(A g-1) 

Specific Capacity 
(mA h g-1) Ref. 

Conjugated pores 
polymer 

Azo-BT (benzothiadiazole) 
Azo-Py (pyrene) 
Azo-Bz (Benzene) 

0.005 – 3.0 1 M LiPF6 EC:DMC (1 : 1) 
(v/v) 0.5 

725 (500 cycles) 
619 (500 cycles) 
503 (500 cycles) 

14 

 Polymer 4,7-dicarbazyl-  
[2,1,3]-benzothiadiazole (PDCzBT) 0.0 – 3.0 1 M LiPF6 EC:DMC:DEC (1 

:1: 1) (v/v/v) 
0.1 
0.2 

404 (100 cycles) 
312 (400 cycles) 15 

 Polydiaminophenylsulfone−Triazi
ne 0.0 – 3.0 1 M LiPF6 EC:DEC (1 : 1) 

(v/v) 
0.1 
1 

565 (100 cycles) 
375 (100 cycles) 16 

 SNW-1/CNTs 0.01 – 3.0 1 M LiPF6 EC:DMC:DEC (1 
:1: 1) (v/v/v) 0.5 203 (1000 cycles) 17 

Polyanhydride Poly(dihydroanthracene succinic 
anhydride) 0.2 – 3.0 1 M LiPF6 EC:DMC (1 : 1) 

(v/v) 0.05 1100 (1000 cycles) 18 

Polyazaacene 

Poly(1,6-
dihydropyrazino[2,3g]quinoxaline
-2,3,8-triyl-7-(2H)-ylidene-7,8-
dimethylidene) 

0.0 – 3.0 1 M LiPF6 EC:DEC (1 : 1) 
(v/v) 0.1 1550 (100 cycles) 19 

Polybenzimidazole MPBI-550 0.1 – 3.0 1 M LiPF6 EC:DMC (1 : 1) 
(v/v) + 5 wt% FEC 1 700 (500 cycles) 20 

Polystyrene Hyper-crosslinked polystyrene 
(HPS) 0.0 – 3.0 1 M LiPF6 PC 0.2 

2 
356 (100 cycles) 
222 (1000 cycles) 21 

Polythiophene 

P(C-TDPP-TA) 
P(F-TDPP-TA) 
P(C-TDPP-H) 
P(F-TDPP-H) 

0.01 – 3.0 1 M LiPF6 EC:DMC (1 : 1) 
(v/v) 0.1 

357 (500 cycles) 
298 (500 cycles) 
327 (500 cycles) 
278 (500 cycles) 

22 

 DBD-CMP-1 
DBD-CMP-2 0.005 – 3.0 1 M LiPF6 EC:DMC:EMC (1 

:1: 1) (v/v/v) 0.1 315 (300 cycles) 
595 (300 cycles) 23 
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Polymer type Polymer name 
Open 
Voltage 
(V vs. Li/Li+) 

Electrolytes 
Current 
Density 
(A g-1) 

Specific Capacity 
(mA h g-1) Ref. 

 poly(thiophene) (PT) 
poly(3,3ʹ-bithiophene) (P33DT) 0.0 – 3.0 1 M LiPF6 EC:DMC:DEC (1 

:1: 1) (v/v/v) 0.5 90 (1000 cycles) 
663 (1000 cycles) 24 

 PTp-COOH 0.01 – 3.0 1 M LiClO4 EC:DEC (1 : 1) 
(v/v) 0.5 147 (1000 cycles) 25 

 Polytetra(2-thienyl)ethylene 
(PTTE) 0.005 – 3.0 1 M LiPF6 EC:DMC:EMC (1 

:1: 1) (v/v/v) 0.5 585 (100 cycles) 26 

 

Poly-Triazine-Thiophene (PTT)-1 
Poly-Triazine-Thiophene (PTT)-2 
Poly-Triazine-Thiophene (PTT)-3 
Poly-Triazine-Thiophene (PTT)-4 

0.01 – 3.0 1 M LiPF6 EC:DMC (1 : 1) 
(v/v) 

0.1 
 

495 (300 cycles)  
671 (300 cycles)  
707 (300 cycles)  
772 (300 cycles)  

27 

 P3-AQT 0.0 – 3.5 1 M LiPF6 EC:DMC:EMC (1 
:1: 1) (v/v/v) 

0.05 
0.1 
0.5 
1 

380 (100 cycles) 
400 (100 cycles) 
400 (100 cycles) 
505 (100 cycles) 

28 

Polyimide PMAQ 0.01 – 3.0 1 M LiPF6 EC:DMC:DEC (1 
:1: 1) (v/v/v) 0.5 465 (150 cycles) 29 

 PI 0.001 – 3.0 1 M LiPF6 EC:DMC (1 : 1) 
(v/v) 0.1 578 (50 cycles) 30 

 PMTA 0.001 – 3.0 1 M LiPF6 EC:DMC (1 : 1) 
(v/v) 0.1 698 (50 cycles) 31 

 Poly(imine-anthraquinone) (PIAQ) 0.01 – 3.5 1 M LiPF6 EC:DEC (1 : 1) 
(v/v) 

0.2 
1 

1097 (100 cycles) 
486 (1000 cycles) 32 

 poly(benzobisimidazobenzophena
nthroline) (BBL) 0.0 – 3.0 1 M LiPF6 EC:DEC (1 : 1) 

(v/v) 0.05 619 (100cycles) 33 

 TPA-PMPI 0.02 – 3.0 1 M LiPF6 EC:DEC (1 : 1) 
(v/v) 0.1 1600 (100 cycles) 34 

 N-CPIMs 0.0 – 3.0 1 M LiPF6 EC:DMC (1 : 1) 0.01 500 (5 cycles) 35 
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Polymer type Polymer name 
Open 
Voltage 
(V vs. Li/Li+) 

Electrolytes 
Current 
Density 
(A g-1) 

Specific Capacity 
(mA h g-1) Ref. 

(v/v) 

Polyquinone Polyanthraquinone-Triazine 0.01 – 3.0 1 M LiPF6 EC:DMC (1 : 1) 
(v/v) 

0.2 
1 

1770 (400 cycles) 
760 (400 cycles) 36 

Aramids 

DiCN-Tpa 

0.02 – 3.0 1 M LiPF6 EC:DEC (1 : 1) 
(v/v) 

0.1 
2 
5 
10 

1542 (100 cycles) 
900 (1000 cycles) 
651 (1000 cycles) 
321 (1000 cycles) 

This 
Work DiCN-Ether 

0.1 
2 
5 
10 

1614 (100 cycles) 
950 (1000 cycles) 
686 (1000 cycles) 
554 (1000 cycles) 

DiCN-6F 

0.1 
2 
5 
10 

1135 (100 cycles) 
1100 (1000 cycles) 
686 (1000 cycles) 
414 (1000 cycles) 
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