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Figure SI-1. Schematic representation of turbostratic carbon  

       

 

Figure SI-2. N1s XPS spectrum of IMPC 

 

 

 

 

 

 

Figure SI-3.  Ragone plot of (a) volumetric energy density and power density based on active material volume and the cell 
volume; and (b) gravimetric energy density and power density based on total active material loading and total weight of 

the cell 
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Table SI-1. Specific surface area of carbons obtained by the pyrolysis of polymer 

 

. 
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 Polymer used 
 

Surface area (m2/g) 
w/o activation After activation 

Poly (4-sodium styrene sulfonate-co-maleic acid) 
sodium salt1 

1720 - 

Copolymer of polyacrylonitrile (PAN), and poly(n-
butyl acrylate) (PBA)2 

500 2570 

Polypyrole3 - 3432 
Poly(acrylic acid-co-maleic acid) sodium salt4 188 - 

Poly( o -phenylenediamine)5 - 591 
Sulfonated Poly(styrene-co-methacrylic acid) 

(SPS-COOH) Sphere6 
508  

Polypyrole7 - 2870 
Poly(acrylamide-co-acrylic acid) potassium salt 1327 2366 
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ESI-II 

 

We also examined the effect of adding an activation agent (KOH) to the polymer (ratio 1:1 wt.%) 
before pyrolysis to enhance the surface area and possibly the capacitance. The carbon sample thus 
obtained is named as IMPC-A. The BET specific surface area obtained from N2 gas adsorption 
desorption studies on this sample was 2366 m2/g which is significantly higher than that (1327 m2/g) 
for IMPC (i.e. carbon obtained without KOH addition).  The N2 adsorption desorption isotherms and 
pore size distributions for IMPC and IMPC-A are shown in the Figure. SII-1.  

 

 

 

 

 

 

 

Figure SII-1. (a) Isotherm and (b) pore size distribution of IMPC and IMPC Activated (IMPC A) 

 

From the pore size distribution curve it is clear that the density of micropores is enhanced after 
activation, but there are no other discernible modifications. The electrochemical performance of 
IMPC-A in 1M H2SO4 was studied using galvanostatic charge discharge measurement at various 
current densities. The galvanostatic charge-discharge and variation of capacitance with current density 
are shown in Figure. SII-2.  

 

 

 

 

 

 

 

 

Figure SII-2 (a) Galvanostatic charge discharge at low current densities and (b) Specific capacitance calculated form 
charge discharge of IMPC and IMPC Activated (IMPC A). 
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IMPC-A showed an enhancement in the specific capacitance at lower discharge rate whereas it did not 
show increase in specific capacitance at higher current densities. This may be due to the fact that 
IMPC-A has higher micropore density than that of IMPC whereas the ratio of mesopores to 
micropores is higher for IMPC. Thus at low charging rates more inner pores will be accessible for the 
solvated electrolyte ions, yielding higher capacitance. But at higher current densities, due to less 
mesopore density and large diffusion length, the accessible surface area for electrolyte ions is less as 
compared to the case of lower current density. Increase in the resistance due to increased defects and 
oxygen content after activation is also a hindrance to the capacitance enhancement. The XPS spectra 
of IMPC-A is shown in the Figure.SII-3 and the percentage of elements is listed in Table SII-1. It is 
clear that the oxygen content has increased after activation.            

 

 

 

 

 

 

 

 

  

 

 

 

 

     Figure. SII-3. (a) C1s, (b) O1s and (c) N1s XPS spectra of IMPC A 

 

                                         

 

 

Table SII-1. Amount of different elements and specific surface area of IMPC and IMPC A 

 

 

 C % N % O % Surface area (m2/g)  
IMPC 89.2 1.9 9.9 1327 

IMPC A 83.3 1.6 15.1 2366 
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