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Figure S1: EDX spectra of ACCu1 sample.

Element Weight % Atomic %
Error 

%
Kratio Z A F

C K 99,8 100,0 1,1 0,9880 1,0005 0,9897 1,0000

CuK 0,2 0,0 12,3 0,0027 0,6947 1,0230 1,6584

Figure S2: N2 adsorption spectra with pore size distribution of commercial activated carbon (AC) 

sample. 



In the main text, we mentioned the lin-KK method of the impedance.py package, which we used 

to check the validity of our EIS data. This method fits a Voigt model to the data, cell A needed N; 

we set the c parameter to 0.85 (the default) elements. 

In the mid-frequency range of the complex plane plots, we see that the Warburg 45 degrees 

behavior is too shallow. Better fits are possible in this frequency range if we replace the Warburg 

element, derived for planar diffusion, by its spherical diffusion counterpart (see figure 4 of 1). 

However, it is unclear why spherical diffusion should be relevant for our electrodes. 

Circuits very similar to ours are in Lasia’s book2, and there, the series resistance is considered a 

charge transfer resistance. However, the CV curves of our cells being reversible, this resistance 

cannot be associated with charge transfer reaction. We have also fitted our data with circuits 

without this resistance but with modified Bisquert impedance3 rather than Modified Warburg. (The 

Bisquert impedance corresponds to a transmission line model where the electrode has a finite 

resistance (like in Paasch’s model4) and moreover has a CPE-type behavior in the electrode. In 

that model, we took , to fix the low-frequency CPE behavior). Good fits can also be 𝐿/𝜆→(𝐿/𝜆)𝜙

obtained in that case, but that model has two more fit parameters, and three of these fit parameters 

had enormous standard deviations.



Figure S3: Impedance spectroscopy data for Cell B. (a) Complex plane impedance plot. (b) Zoom 

in to the high-frequency regime of a panel (a). (c) The real and imaginary part of the impedance 

versus frequency.



Figure S4: EDX spectra of ACCu1 sample after cycling studies.

Element
Weight 

%

Atomic 

%
Error % Kratio Z A F

C K 89.8 94.7 5.7 0.4752 1.0129 0.0522 1.0000

F K 4.5 3.0 9.3 0.0080 0.8988 0.2013 1.0000

Mg K 1.7 0.9 4.4 0.0106 0.8919 0.6828 1.0036

Si K 0.8 0.4 2.3 0.0064 0.8771 0.9035 1.0092

Cl K 2.7 1.0 1.5 0.0231 0.8165 1.0219 1.0159

Ca K 0.5 0.2 2.5 0.0041 0.8269 1.0308 1.0374



Formulae used in supercapacitor studies

Specific capacitance from CV technique:

The specific capacitance (Cs) was calculated using equation S1:

Cs = 2[𝑚𝑠(𝑉a − 𝑉b)]-1 ∫ 𝐼(𝑉) 𝑑𝑉 (S1)

where, s is the scan rate, (𝑉a − 𝑉b) refers to the working potential range, and m is the mass of 

the active material taken in a single electrode. 

The active mass of all the samples was in the range of ~1.5 mg. The area of the electrode material 

was fixed to 1 cm2.

Specific capacitance from the GCD technique:

The specific capacitance from the galvanostatic charge-discharge of the electrode is obtained using 

the equation S2:

                                        (S2)
𝐶𝑠 =  

4 (𝐼 ×  ∆)
(∆𝑉 × 𝑚)

Energy density and Power Density

The specific energy of the cells was calculated by using the expression:

                                         (S3)
𝐸 =  

1
2

 𝐶𝑑 𝑉
2 

The specific power of the cells was calculated as:

                                               (S4)𝑃 = 𝐸/∆𝑡



Formulae used in dye adsorption studies

Amount of dye adsorption on a carbon surface

 (S5)
𝑄 =  

(𝐶0 ‒ 𝐶𝑥) × 𝑉

𝑚

where: Q (mg.g-1) is the amount adsorbed, C0 (ppm) is the initial concentration of Malachite green, 

Cx (ppm) is concentration of MG after adsorption, V (L) is the volume of the solution, m (g) is the 

mass of the adsorbent.

The effectiveness of adsorption MG was calculate applying equation (S7):

               (S6)
%𝐻 =  

(𝐶0 ‒ 𝐶𝑥)

𝐶0
 𝑥 100%

where: %H is the effectiveness of the adsorption process (%).

Equations used for kinetic studies

Equations (S8) and (S9) express pseudo-first and pseudo-second kinetic orders, respectively.

 (S7)
𝑙𝑜𝑔𝑙𝑜𝑔 (𝑄𝑒 ‒ 𝑄𝑡) =

‒ 𝑘1

2.303
𝑡 + 𝑙𝑜𝑔𝑙𝑜𝑔 𝑄𝑒 

 (S8)

𝑡
𝑄𝑡

=
1

𝑘2𝑄2
𝑒

+
𝑡

𝑄𝑒

where: Qe (mg g-1) is the equilibrium of adsorption capacity, Qt (mg g-1) is the amount of adsorbent 

in time within adsorption process, t (min) is the adsorption lead time, k1 (min) is the pseudo-first 

kinetic order constant, k2 (g mg-1 min-1) is the pseudo-second kinetic order constant.

Isotherm equations

 (S9)
𝑄𝑒 =

𝑄𝑚𝑎𝑥𝐶𝑒𝐾𝐿

(1 + 𝐶𝑒𝐾𝐿)



 (S10)𝑄𝑒 = 𝐾𝐹𝐶𝑒
1/𝑛

 (S11)
𝑄𝑒 =

𝐾𝑅𝑃𝐶𝑒

(1 + 𝑎𝑅𝑃𝐶𝑒
𝑔)

where: Qmax (mg g-1) is the maximal adsorption capacity, Ce (mg L-1) is the equilibrium 

concentration of dye in the solution, KL (L mg-1) is the Langmuir constant, KF (mg g-1)(dm3 g-1)n 

is the adsorption capacity Freundlich constant, n is the heterogeneity factor or favourability of 

adsorption, KRP, aRP (L g−1), (mg L−1)-g is the Redlich-Peterson constant and g is the dimensionless 

factor.

Table S1: Comparison of adsorption capacity of MG with different materials.

Material Qmax (mg g-1) References

Acid-activated carbon from coconut 

shell
32.787 5

SA@GG@B composites 47.16 6

Pithophora sp. 117.647 7

MOF-5/RHA&CFA/2:1 39.47 8

MFA 112.20 9

NSC 23.75 10

ACCu1 153.16 This work
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