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Note S1. Synthesis method
Synthesis of Nanostructured CuCo,Sy

The low temperature hydrothermal synthesis technique was used to produce nanostructured
CCS !. Initially, a 50 mL 1:1 (v/v) ethanol and deionized (DI) water solution was prepared
to dissolve 1 mmol Cu(NOj3)2.3H20, 2 mmol Co(NOj3),.6H,0, and 4 mmol of CH4N,S.
After magnetically stirring the mixture for one hour, a pink homogeneous solution was
obtained. Subsequently, NH;OH was added dropwise while stirring, until the pH reached
10. The resulting solution was then transferred to a Teflon-lined stainless steel autoclave and

subjected to heating at 180 °C for 12 hours, followed by natural cooling to room temperature.
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Fig. S1. Schematically the syntheses steps of CuCoyS4 by hydrothermal technique, MoSs
nanosheets via ultrasonication and CuCo,54-MoSs nanocomposites using also
hydrothermal technique.

The final product underwent multiple washes in DI water and ethanol to get rid of all traces

of solvent. Finally, the product is dried in an oven at 120 °C temperature to yield nano-

structured CCS 1.

Synthesis of MoS; nanosheets

MoS, NSs were synthesized using an ultrasonication-assisted exfoliation technique from bulk
MoS, powder 2. Initially 500 mg of MoS, powder was dissolved in 100 ml of isopropanol.
After that, the solution was ultrasonicated in an ultrasonic bath at 50 °C for four hours.
Subsequently, the sonicated solution was left undisturbed for 4 hours to enable the precipita-
tion of a powdery residue and thick sheets at the micron scale. The supernatant was isolated
as MoS; nanosheets after sedimentation. Finally, the obtained supernatant was placed in an

oven and dried at 120 °C for 12 h to extract the powdered MoS, nanosheets (NSs) 12,



Synthesis of CuCo,S4-MoS; Nanocomposites

A simple hydrothermal synthesis method was again used to synthesize the CCS-MoS; nanocom-
posite of previously prepared nanostructured CCS and MoS, NSs . For CCS-MoS, (85:15)
nanocomposite, firstly, 50 mL of DI water was used to dissolve 33 mg of MoS, NSs and
187 mg of CCS. This mixture was magnetically stirred for three hours. The solution was
then placed in an autoclave and heated to 180 °C for 12 hours before being allowed to cool
to room temperature. The next step was centrifugation, followed by DI water and ethanol
wash. Finally, CCS-MoS,; was obtained by drying the filtered solution at 120 °C tempera-
ture in an oven for 12 hours. The above-mentioned method was used to prepare CCS-MoS,

nanocomposites with MoS, inclusions at 20, 25 and 30 wt%.

Note S2. Preparation of Working Electrodes

Both the three-electrode and symmetric two-electrode setups employed a 0.5 M NaySOy
aqueous solution as the electrolyte. In the three-electrode system, the reference electrode was
an Ag/AgCl electrode immersed in saturated KCI solution, while the counter electrode was a
platinum wire. To prepare the working electrode, 20 mg of the synthesized active material (90
wt%) was sonicated with 2.22 mg of polyvinylidene fluoride (PVDF; 10 wt%) as a binder
and 200 puL of N-methyl-2-pyrrolidone (NMP) as a solvent for 2 hours. This produced
a homogeneous slurry of electrode materials. The slurry was then uniformly cast onto a
graphite rod with a surface area of 0.28 cm?. The modified graphite rod was subsequently
dried at 100 °C for 12 hours, ensuring the formation of a three-electrode cell’s working
electrode. Following the three-electrode setup, the symmetric two-electrode configuration
was established. The previously prepared active material slurry was cast onto two graphite
rods, with equal amounts of slurry applied to each graphite rod. These modified graphite

rods were utilized as the anode and cathode in the symmetric two-electrode arrangement.



Note S3. Electrochemical Measurement

To calculate the capacitance (C.q in F), specific capacitance (Cgp, in F g unit) from the
CV and GCD in the three-electrode system (or half cells), we employed Eq. 1, 2 and 3,

respectively 132,

Coan = 1ot 1)
» = oAV g
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7= ()

Where, J, m, At, AV and v stand for current density, mass of active material, time to
discharge, potential window, and scan rate, respectively.
The capacitance (Cee) that arises when a voltage is applied between the two electrodes

can be represented using the following formula:

L1 )
Ccell B C+ C.

where Ceep, C1, and C._ are the capacitance (in Farad) of the resulting device or cell, of the
positive electrode, and of the negative electrode, respectively. With the capacitance (Ceen)
determined from the GCD profile using Eq. 1 In a symmetrical system, where both the
positive and negative electrodes have similar morphological and electronic characteristics
(Cy = C.), the cell capacitance (Cc) can be calculated as per the following equations
provided in Eq. 5.

C
2

Ccell - 5 (6)

where C = C, = C_. The electrode capacitance is calculated using the following equation:

C =2x Cou (7)



In the realm of electrochemical supercapacitors, for the sake of comparing various electrode
materials, it is a standard procedure to determine the specific capacitance (Cgp), which is
associated with the capacitance of a single electrode and is expressed in F g''. Consequently,

by dividing Eq. 7 by the mass of an individual electrode m, we can apply Eq. 8.

o 2 X CYcell

Cop = (8)

m

Where m (g) is the mass of the single electrode. For a symmetric system, the specific

capacitance of the single electrode (Cgp) is given by:

o 4C’cell

m

Csp (9>

The M’ represents the combined mass of the active materials in both electrodes, which is
equal to 2 times 'm’ since each electrode has the same weight. The factor of 4 serves as
an adjustment, aligning the cell capacitance and the combined weight of the two electrodes
with the capacitance and mass of a single electrode.

However, the specific capacitance (Cyp, in F g unit), specific energy density (Eg, in W
h kg unit), and specific power density (Pg, in W kg™! unit) of the symmetric two-electrode

system (for single electrode) were calculated from GCD, using Eq. 10, 11, and 12, respectively
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Where, m is the total mass of the active material (both anode and cathode electrode). Using

CV analysis, one may infer the charge storage mechanism. Eq. 13 (Tefel’s equation) was



employed for this purpose. The logarithm of both sides of Eq. 13 yields Eq. 14 %19,

I=avb (13)

log(I) = blog(v) + log(a) (14)

Where, I is the working electrode current (when V = 0 V), v is the scan rate, and b is the
slope. To estimate the value of slope “b”, the graph of (log I ~ log ) was plotted (which was
straight line). The charge storage mechanism depends on the value of this slope “b”. The
value of “b” equal to 0.5 represents the Faradic interrelation process, 1 the EDL capacitance
method, and 0.5 < b < 1 the combination of the two techniques. At a particular scan rate
and potential difference, Eq. 15 provides the capacitive resultant current as well as the

diffusion controlled resultant current 810,

(V) = kyw + kov? (15)
I ,
(Y) = k1V§ + ]{32 (16)
V2

In Eq. 11, kv represents the capacitive resultant current and kgyé corresponds the resulting
current in a diffusion-controlled system. Using Eq. 16, both k; and ky can be obtained from
the slope and y-intercept of the (y% ~ Vi%) graph, respectively. In this case, the value of the
current was taken at V = 0 V. Additionally, the impact of charge storage technique on the
overall capacitance can be examined with Trasatti’s approach. According to this approach,
when v = 0 mV s, charge may be accessible at both the surface and the inner region of
the electrode, indicating the total capacitance. Nevertheless, the EDL capacitance is only

accessible when v = infinity and the charge is confined to the electrode’s surface. From

(Clp ~ v2) and (Cy, ~ ) graphs, total capacitance (Cr) and EDL capacitance (Cgpr)
S v2

can be determined by taking the y-intercepts using Eq. 18 and Eq. 20 respectively, and



pseudocapacitance (Cpgey) from Eq. 21 1h12,
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The percentages of Cgpr, and Cpeey in the total capacitance can be calculated from Eq. 22

and Eq. 23, respectively.

Table S1. Crystallographic param-

eters for all the constituents of the as-synthesized nanomaterials obtained after Rietveld refinement.

Sample Constituent Cryst;ﬂzféaphlc Space group a(A) b(A) c(A) d_?r)l?g;ng 2
Mo, MoS, Hexagonal P 63/m mc 3.197 3.197 12.382 0.621 1.14
nanosheets
CuCosS4 CuCosSy Cubic Fd-3m 9.460 9.460 9.460 0.285 1.25
CuCo254-MoSy  CuCo2Sy Cubic Fd-3m 9.546 9.546 9.546 0.291 2.09
(85:15) MoS, Hexagonal P 63/mmec 322 322 12454 0.625 '
CuCo2S4-MoSs  CuCosSy Cubic Fd-3m 9.655 9.655 9.655 0.297 119
(80:20) MoS, Hexagonal P 63/mmec 330 330 12.502 0.632 '
CuCo9S4-MoSy  CuCosS4 Cubic Fd-83m 9.574 9.574 9.574 0.294 95
(75:25) MoSs2 Hexagonal P 63/mmc 325 325 12476 0.627 '
CuCo9S4-MoS;  CuCosSy Cubic Fd-3m 9.508 9.508 9.508 0.288 938
(70:30) MoS» Hexagonal P 63/mmc 320 320 12.427 0.622 '
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Fig. S2. EDX spectra of (a) MoS; nanosheets, (b) CuCosSy, (¢c) CuCosS4- MoS,y (85:15),
(d) CuCosS4- MoS, (80:20), (e) CuCoySs- MoSs (75:25) and (f) CuCosSy MoS, (70:30)

nanocomposites.

Note S4. Fourier-Transform Infrared Spectroscopy (FTIR) analysis

The functional group and molecular structure of the synthesized samples were analyzed by

FTIR spectroscopy and the results are presented in Figure S3. Figure S3 depicts FTIR

spectra in the 400 to 3000 cm™ range for MoS, NSs, CCS, and varying concentration of

MoS; incorporated CCS-MoS,; nanocomposites. In this fig., the weak peaks at 420 and 470

cmt in the FTIR spectrum of MoS,; NSs can be attributed to the vibration of Mo-S bonds,

proving the formation of MoSy; NSs 13, In the FTIR spectrum of CCS, the peaks of around

623 and 1106 cm™ can be attributed to vibration of Cu-S and Co-S bonds, respectively,

showing the formation of nanostructured CCS . The peaks at about 1369 and 1736 cm™



Mass (%) Mass (%) Atom (%) Atom (%)

heightSample Element (theoretical) (experimental) (theoretical) (experimental)

MoS, nanosheets Mo 59.94 52.15 33.33 29.55
S 40.06 47.85 66.67 70.45
CuCozS, Cu 20.52 28.35 14.29 12.35
Co 38.06 37.08 28.57 30.09
S 41.42 44.57 57.14 57.56

Cu002S4-MOSZ
(85:15) S 41.28 42.34 58.57 59.03
Mo 8.99 9.5 5 4.17

CllCOzS4-MOSz
(80:20) S 41.15 42.23 58.75 60.05
Mo 11.99 12.41 6.67 6.45

Cu002S4-M082
(75:25) S 41.08 42.09 59.52 60.36
Mo 14.98 16.5 8.33 8.01

CUCOQS4-M082
(70:30) S 41.01 41.75 62.86 61.32
Mo 17.98 19.11 10 9.85

Table S2. Mass and Atom percentages of elements in MoS,; nanosheets, CuCo,S4 and
CuCos54-MoSy nanocomposites as obtained via EDX and theoretical analysis.
appeared due to vibrations of NO* asymmetric stretching (for nitrate precursor) and C=0
stretching, respectively %15, On the other hand, the peaks present at around 420 and 670
cm™ in the FTIR spectra of all the prepared CCS-MoS, nanocomposites were caused by
the vibration of Mo-S and Cu-S-Mo bonds, respectively, and these peaks demonstrated that
CCS-MoS, nanocomposites was successfully formed !. However, in the FTIR spectra of the
prepared samples, the peak at around 2360 cm™ is due to the vibration of -OH functional

groups from water molecules adsorbed from the product surface 6.

Note S5. X-ray Photoelectron Spectroscopy (XPS) analysis

XPS was used to probe the chemical state and composition of the optimized CCS-MoS,
(80:20) nanocomposite, with survey spectra in Figure S4. Figure 6(a) shows the spectrum
of Cu 2p, where the two peaks of binding energy at 952.80 and 932.96 eV correspond to the
2p1 /2 and 2p3 5 spin-orbit doublets of Cut, respectively 1171%. Also, the two peaks of binding

energy at 955.46 and 943.57 eV correspond to the 2p; /; and 2p3, spin-orbit doublets of Cu?t,
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Fig. S3. FTIR spectra of MoSs nanosheets, CuCo,S, and CuCos54-MoS, nanocomposites.

respectively '® The energy difference of 19.84 eV between these two peaks is called the spin-
orbit splitting energy, indicating the presence of CCS in the synthesized nanocomposite 8.
Also, the peaks at 963.04 and 935.18 eV are two satellite peaks, which are due to electron
excitation to higher energy levels from the 2p core level of the Cu?* ion . This can lead
to redox reactions that increase the charge-carrying capacity of the nanocomposite. These
two satellite peaks indicate that both Cu™ and Cu®* ions co-exist in the sample which was
absent in CCS-MoS, (90:10) nanocomposite *. Furthermore, enhancing the concentrations of
MoS; in the sample leads to improve electrochemical performance compared to the previously
reported CCS-MoS, (90:10) nanocomposite L. (Subsequent electrochemical analysis provided
confirmation of this observation).

The high-resolution Co 2p orbital XPS spectrum is shown in Figure 6 (b). Whereas

10
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Fig. S4. XPS survey spectrum of CuCoyS4-MoS, (80:20) nanocomposite.

peaks at 793.61 and 778.74 eV binding energy are spin-orbit doublets of 2p;/; and 2ps/;
orbitals of the octahedrally coordinated Co(II) ion, respectively 9. On the other hand, two
peaks obtained at 797.95 and 781.83 eV are spin-orbit doublets of 2p;/, and 2psz/, orbitals

of octahedrally coordinated Co(III) ion, respectively 9.

The spin-orbit splitting energy
separation of the Co 2p orbitals (2ps/» and 2pis2) is 15 eV, revealing the sample’s Co**
and Co®" oxidation states. Further, two satellite peaks of Co at 803.40 and 786.79 eV are
observed due to elastic scattering processes (i.e. charge transfer), which may be conducive
to more charge accumulation 19,

The high-resolution XPS spectrum of the Mo 3d orbital is shown in Figure 6(c), and it
exhibits two peaks at binding energies of 229.57 and 232.74 eV, which are spin-orbit doublets

of 3d3/, and 3ds 2 orbitals of Mo*" in nanocomposite, respectively 2»2'. Which arises for the

11



transition of an electron from Mo’s 3d3/, and 3ds/, orbitals to the valence band. The energy
separation between these two peaks is 3.17 eV, reflecting the spin-orbit coupling interaction
in the Mo atom. Additionally, the presence of Mo®" in the sample is indicated by the peak
at 235.16 eV, which may be the result of MoS, being exposed to air 22. The peak at 226.48
eV corresponds to the binding energy of the S 2s orbital of MoS, 2°. This results indicate
the existence of Mo 3d and S 2s orbitals i.e. MoS, in nanocomposite.

The high-resolution XPS spectra of S 2p electrons is also shown in Figure 6 (d), where
the peak at 162.31 eV and 161.47 belongs to the 2ps/, orbital of S?% ligand and the peak at
163.47 eV fits into the 2p; o orbital of S* or S5~ ligand 2*2324. These two peaks indicate
the presence of sulfide bonds in CCS and MoSs NSs which facilitate the electrochemical
reaction. However, the peak at 169.75 eV is for residual SO~ species which is formed due
to slightly oxidized S on the surface of the sample 2°. Surface analysis of the CCS-MoS,
(80:20) nanocomposite revealed the presence of Cu, Co, S, and Mo, which supported the
results obtained through EDX analysis. The position and symmetry of the peaks in the
XPS spectra of S and Mo confirm the absence of monoclinic 1T-MoSy and the presence of
hexagonal 2H-MoS; in the sample. Because the peak position of monoclinic 1T-MoS, is at
slightly lower binding energy, which supports the results obtained through XRD analyses
826 The XPS spectra of that nanocomposite show the presence of Cu®, Cu?*, Co?*, Co3t,
Mo**t, Mo%*, S and SO,% ions which are favorable for redox reaction and thus the sample
exhibits pseudocapacitive behavior, which helps enhance the charge storage capacity. These
results suggest that the incorporation of different concentrations of MoS, with CCS will
improve the electrochemical performance of CCS. Moreover, it will provide more active sites

for electrolyte ion intercalation.

Note S6. Nyquist plot analysis

In detail, Ry (solution resistance) is the resistance of the electrolyte solution of the electro-

chemical cell which is encountered by the applied AC signal as it passes through the solution.

12
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Fig. S5. CV curves of (a) MoS; nanosheets, (b) CuCosS4, (¢) CuCoyS4-MoS, (85:15), (d)
CuCosS4-MoS, (80:20), (e) CuCoyS4-MoS, (75:25) and (f) CuCosSs-MoS, (70:30)

nanocomposites in three-electrode system.
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Figure S6. GCD curves of (a) MoSy nanosheets, (b) CuCosSy, (¢) CuCosSs-MoS, (85:15),
(d) CuCoyS4-MoS, (80:20), (e) CuCosS4-MoS, (75:25) and (f) CuCoyS4-MoS, (70:30)

nanocomposites in three-electrode system.
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By analyzing the real part of the impedance (Z') intercept in the high-frequency region of
the impedance spectrum, Ry is estimated. Ry ( charge transfer resistance) represents the
resistance associated with the charge transfer process at the electrode-electrolyte interface,
which is determined by measuring the diameter of the semicircular arcs in the Nyquist plot.
Zy (Warburg impedance) relates to the diffusion of ions through the electrolyte towards the
electrode surface or near the electrode-electrolyte interface. Z, is measured from the slope

in the low-frequency or linear region of the Nyquist plot, and the value of this slope gives

190 : _
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Figure S7. Nyquist plot of CuCoyS, nanomaterial in three-electrode system.

15



information about the diffusion coefficient or the diffusion-limited behavior of the system.
Cq represents the capacitance associated with the EDL formed due to the accumulation of
charge at the electrode-electrolyte interface. Cq is usually observed as a semicircular curve
in the Nyquist plot, representing capacitive behavior at intermediate frequencies. This can
be estimated by analyzing the shape of the semicircular arc or by fitting the EIS data to
the equivalent electrical circuit. C, (parallel capacitance) represents the additional capaci-
tance contribution to the system beyond the EDL capacitance.C, was determined from the
equivalent electrical circuit obtained by fitting the EIS data.

Figure S11 shows the Nyquist plot of CCS electrode to better analyze the parameters
related to EIS. It consists of two regions namely region 1 (kinetic control region) and region
2 (Warburg region) 2. The kinetic control region comprises a semicircle between points A
and B at high frequencies. Here Ry, is the internal resistance, which is the sum of Rg and
Rt

On the other hand, the mass transfer control region or Warburg region consists of a linear
line with a steep and slow slope at median to low frequencies between points B and D. The
slow slope seen at mid-frequency in the Nyquist plot is related to the ion diffusion process.
At these frequencies, there is an interplay between the capacitive behavior (EDL) and the
diffusion of ions in the electrolyte. The slow slope represents the impedance associated with
limited ion diffusion at these frequencies. As the frequency decreases, the impedance gradu-
ally transits from capacitive behavior of the EDL to diffusion-limited behavior driven by ion
transport in the electrolyte. On the other hand, the steep slope in the low-frequency region
of the Nyquist plot is indicative of the formation of an EDL. This region is often referred
to as the “capacitive region” of the Nyquist plot 2. At low frequencies, there is sufficient
time for charge redistribution within the EDL, resulting in significant changes in impedance.
This steep slope represents the impedance associated with charging and discharging of the
EDL. The total impedance of this region is called the diffuse layer impedance (Rai.) 27,

The impedance parameters were determined by fitting the EIS data (Nyquist plot) of the

16
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Figure S8. Potential window variation of CuCosS4 nanomaterial electrode in symmetric
two-electrode system.

17



Table S3. Values of Rg, Ret, Cai, Zw and Cp, in the three-electrode system obtained by fitting
with an equivalent circuit.

Sample Rs () R (Q) Ca (F) Zw () Cp (F)
MoSs nanosheets 18 3.79 0.00915 0.00231
0.05698
CuCosS4 33 22.95  0.06882 0.00802 0.0521
CuCo254-MoSs (85:15)  11.20 13.52  0.01668 0.00321 0.00217
CuCo254-MoSs (80:20)  9.02 8.77 0.00824 0.00297 0.00184
CuCo254-MoSs (75:25)  10.09 13.33  0.00503 0.00353 0.00251
CuCo254-MoSs (70:30)  12.36 12.55  0.00273 0.00414 0.00612

synthesized samples to an equivalent electrical circuit.

Table S4. Values of Rs, Ret, Ca1, Zw and Cp, in the symmetric two-electrode system obtained by
fitting with an equivalent circuit.

Sample Rs () Rt (2) Ca (F) Zw (2) C, (F)
MoSs nanosheets 29.68 0.005  0.002288 0.00462
CuCosS4 90.6 60.3 0.017205 0.11396 0.1042

CuC02 S4—MOSQ 85:15

( 50.1 5.025 0.00417 0.01604 0.00642
CUCOQS4—MOSQ (80220

(

(

47.1 40.02 0.00206  0.00642 0.00368
52.45 44.55  0.001258 0.00594 0.00502
64.8 50.905 0.000683 0.00706 0.01224

CuCOQS4—MOSQ 75:25
CUCOQS4—MOSQ 70:30

~— — — —

Note S7. Charge Storage Mechanism

Here CCS-MoSs; nanocomposite is used as anode and cathode material, 0.5 M neutral NaysSO4
as an electrolyte and Whatman filter paper as a separator. This separator prevents direct
contact between the two electrodes, while the electrolyte connects them. When a voltage
is applied to accumulate charge on the electrodes, the electrolyte solution is ionized (Na™
and SO,*) and ions from the solution flow towards the electrode surface. The negative
ions (SO4*) of the electrolyte flow towards the anode and the positive ions (Na™*) towards
the cathode. Some of these ions are adsorbed on the electrode surface to form a layer of

adsorbed ions known as Inner Helmholtz Plane (IHP). IHP is characterized by a high ion
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Figure S9. CV curves of (a) MoS; nanosheets, (b) CuCoySy, (¢) CuCo2S4-MoS, (85:15),
(d) CuCoyS4-MoS, (80:20), (e) CuCosS4-MoS, (75:25) and (f) CuCoyS4-MoS, (70:30)

nanocomposites in symmetric two-electrode system.
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Figure S10. GCD curves of (a) MoS; nanosheets, (b) CuCosSy4, (¢) CuCoyS4-MoS,
(85:15), (d) CuCoyS4-MoS, (80:20), (e) CuCosS4-MoSs (75:25) and (f) CuCoyS4-MoS,

(70:30) nanocomposites in symmetric two-electrode system.
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Figure S11. Comparison of the electrochemical behavior of physically and hydrothermally
mixed CuCoyS, (80:20) nanocomposite (a) CV curves and (b) GCD curves evaluated in
symmetric two-electrode system.
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before and after of 5000 GCD cycles evaluated in symmetric two-electrode system.
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concentration and strong electrostatic interactions between adsorbed ions and the electrode
surface. This layer is composed of highly ordered solvent molecules and ions due to strong
electrostatic interactions. These adsorbed ions play an important role in the formation of
EDL and reversible redox reactions. Outside of the IHP is the Outer Helmholtz Plane
(OHP), which is composed of ions that are not as strongly bound to the electrode surface
as the adsorbed ions in the THP. It extends further away from the electrode surface and
acts as an intermediate region between the electrode surface and the bulk electrolyte. The
combination of IHP and OHP leads to the formation of EDL. Adsorbed ions tightly bound
to the THP contribute to the physical separation of charge, creating a high-capacitance
region near the electrode surface. Overall, the combination of IHP and OHP layers at the
electrode-electrolyte interface leads to the formation of an EDL, which stores electrical energy
by creating a high-capacitance region near the electrode surface. CCS-MoS, nanocomposite
can intercalate electrolytes between their layers which are called intercalated ions. These
ions form part of the pseudocapacitive behavior of the system and contribute to the overall
charge storage capacity by undergoing reversible redox reactions. The diffuse layer, which
extends from the OHP to the bulk electrolyte solution, contains ions that are more mobile
and less affected by the electrode surface. It acts as a transition zone between the electrode
surface and the bulk electrolyte, allowing ion transport. The diffuse layer itself does not
directly contribute to the pseudocapacitance or EDLC, but it plays an important role in
establishing and maintaining the conditions necessary for the formation of the EDL and the
occurrence of pseudocapacitive reactions. In the case of EDL, when a positive potential is
applied to the electrode, cations from the bulk electrolyte are attracted to the negatively
charged electrode, while anions are repelled. This results in the formation of a layer of
positive charge (cations) near the electrode surface, which contributes to the formation of
EDL. Conversely, during extraction, the ions redistribute, returning to their equilibrium
position in the bulk electrolyte. On the other hand, the diffuse layer enables ion transport

from the bulk electrolyte to the electrode surface, facilitates the participation of ions and
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supports the redox reaction by maintaining their availability, thereby contributing to the

pseudocapacitive charge storage process.
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