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Figure S1. Contact angle images of PVDF, pectin, and pectin:Fe electrodes.
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Figure S2. Cycling performance for (a) graphite-PVDF, (b) graphite-pectin, and (c) 

graphite-pectin:Fe electrodes under 0.1 C within the potential range from 0.01 V to 3V. 

The corresponding voltage profiles are shown in (d)-(f). Additionally, (g)-(i) show the 

cycling performance for graphite-PVDF, graphite-pectin, and graphite-pectin:Fe 

electrodes, respectively, under 1 C within the potential range from 0.01 V to 3V, with 

corresponding voltage profiles displayed in (j)-(l).
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Analysis of electrochemical kinetics

CV is a powerful technique used to evaluate the electrochemical reaction kinetics of 

active materials with Li ions. It provides essential information on redox couples, 

potential ranges for chemical reactions, and overpotential, inferred from the positions 

and intensities of the cathodic and anodic peaks. 

In a CV experiment, the current response (i) as a function of the sweep rate (v) reveals 

insights into the charge-storage process. This relationship can be described by the 

following power law expression:

i(v)=avb---------------------------------------------------------------------------------------(eq. 1)

where a is a constant and b is the power-law exponent. The 𝑏 value can be determined 

from the slope of the log-log plot of current (log(i)) versus sweep rate (log(v)) for the 

cathodic and anodic peaks. Based on the experimentally derived b values, the charge 

storage mechanism can be qualitatively assessed. Specifically, a b value close to 0.5 

indicates a diffusion-controlled process, while a b value close to 1 suggests a surface-

controlled (capacitive) process.

If b=1 or 0.5, then the equation can be rewritten as 

i=k1v or i=k1v1/2 ------------------------------------------------------------------------------(eq. 

2)

When two different lithiation mechanisms occur simultaneously, they can be 

quantitatively distinguished and modeled by combining their respective contributions. 

For instance, if both surface-controlled (capacitive) and diffusion-controlled processes 

are present, the total current response can be expressed as a combination of both 

mechanisms:

i=k1v+k1v1/2 ----------------------------------------------------------------------------------(eq. 3)

After dividing the equation by v1/2,

i/v1/2=k1 v1/2+k2 ------------------------------------------------------------------------------(eq. 4)

In eq. 4, k1 and k2 represent the current contributions between the capacitive response 

on the surface and the diffusion-controlled process, respectively. Therefore, we can 

quantify the fraction of current at certain potentials from a simple calculation of k1 and 

k2.
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Figure S3. Dependence of anodic and cathodic peak currents (I) on the square root of 

the scan rate for (a) graphite-PVDF, (b) graphite-pectin, and (c) graphite-pectin:Fe 

electrodes.

Figure S3 shows a linear relationship between each redox peak current (Ip) and the 

square root of the scan rate (ν1/2), as expected for the diffusion-limited cathodic/anodic 

processes of Li-ion. Subsequently, we applied the classical Randles-Sevchik equation 

to investigate the semi-infinite diffusion of Li+ into graphite-PVDF, graphite-pectin, 

and graphite-pectin:Fe electrodes. This equation is derived from the adsorption process 

theory at the metal/solution interface [1]

Ip= ------------------------------------------------------(eq. 5)
(2.69 × 105)𝑛3/2𝑆𝐷 1/2

𝐿𝑖+
𝐶 ∗
𝐿𝑖𝑣

1/2

where Ip is the peak current (mA), n is the charge-transfer number, S is the contact area 

between the electrode and electrolyte (1.54 cm2), DLi+ is the chemical diffusion 

coefficient of lithium ions (cm2 s-1), CLi is the concentration of lithium ions in the anode 

material, and ν is the potential scan rate (V s-1).
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Figure S4. EIS spectra of (a) graphite-PVDF, (b) graphite-pectin, and (c) graphite-

pectin:Fe electrodes. All plots collected from 3 V to 0.01 V, while data collection 

occurred over a frequency range of 0.5 mHz to 100 kHz at each voltage step.

To prepare 3D Bode plots, impedance cycling was performed at 10 mV intervals, 

starting from 3 V to 0.01 V, while data collection occurred over a frequency range of 

0.5 mHz to 100 kHz at each voltage step. Before conducting impedance cycling, all 

cells were activated using preconditioning steps that involved performing cyclic 

voltammetry at a scan rate of 0.1 mV s-1 across a potential range of 0.01 V to 3 V for 

three cycles. Data were collected across the entire voltage range at 50 mV increments.

The impedance data can be shown in the form of Bode plots, where the phase angle (ϕ) 

or capacitance (C) is represented as a function of frequency. In this study, we focused 

on measurements in the low-frequency range (5 mHz-1 Hz), where these electrodes 

mainly exhibit a capacitive response. This behavior was explained by Taberna et al. 

[2], who developed a simple series resistor-capacitor circuit to calculate the impedance 

of carbon-based electrochemical capacitors. Both components exhibited a frequency-

dependent response. According to these assumptions, the real and imaginary 

components of the capacitance (C' and C'', respectively) can be obtained by employing 

equations (6) and (7) in relation to the angular frequency (ω).

 ----------------------------------------------------------------------------------(eq. 6)
𝐶'

‒ 𝑍''(𝜔)

𝜔|𝑍(𝜔)|2
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-----------------------------------------------------------------------------------(eq. 7)
𝐶''

𝑍'(𝜔)

𝜔|𝑍(𝜔)|2

Figure S5. Comparison of FTIR spectra of pectin (red line) and pectin:Fe (blue line) 

electrodes.

Richard M. Badger presented a revised version of formula (eq. 8) for determining the 

bond length (R) based on the force constant k (dynes.cm-1), as demonstrated in the 

equation below: [3, 4]

-----------------------------------------------------------------------------(eq. 8)
𝑅= 3

𝐶𝑖𝑗
𝑘
+ 𝑑𝑖𝑗

where k is the force constant in mega-dynes per centimeter (1 Nm-1 = 0.001 Md.cm-1). 

The values of Cij and dij depend on the number of bonded atoms in the periodic table 

for a given period. For Fe-COO, the value of Cij is 0.5, and dij is 1.06 Å.

Hook's law was employed to calculate the force constant (k) of the bond by employing 

the fundamental harmonic (eq. 9), which serves as an indicator of bond stiffness. 

Notably, shorter bonds are generally stronger and have a higher force constant (k).

----------------------------------------------------------------------------------(eq. 9)
𝑣=

1
2𝜋𝑐

𝑘
𝑢

where u is the reduced mass (kg) of the bonded atoms and is determined using the 

relation given in eq. 10:

--------------------------------------------------------------------------------(eq. 10)
𝑢=

𝑚1 ×𝑚2
𝑚1+𝑚2

where m1 and m2 are the atomic masses of the bonded atoms.

The following is used to manipulate eq. 9 and obtain the force constant (k, Nm-1) from 

wavenumbers (cm-1) as shown in eq. 11
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----------------------------------------------------------------------------(eq. 11)𝑘= 𝑣24𝜋2𝑐2𝑢

Figure S6. Coulombic efficiency of the Li platting/stripping process on the graphite-

PVDF, graphite-pectin, and graphite-pectin:Fe electrodes, each with a deposition 

capacity of 1 mAh cm-2 and a current of 1 mA cm-2.
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