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Abstract: This study presents a one-pot, low-cost, and scalable method for preparing chemically Reduced Graphene
Oxide Films (RGOFs) doped with iodine groups for supercapacitor applications. The Graphene Oxide Film (GOF)
was first fabricated via a simple solution-casting technique, followed by chemical reduction using Hydriodic acid (HI)
as the reducing agent. The as-prepared GOF and RGOF were thoroughly characterized in terms of their electrical,
mechanical, morphological, and structural properties using appropriate analytical techniques. Results indicate that GOF
was successfully reduced and functionalized with iodine groups. When tested as supercapacitor electrodes, the films
demonstrated nearly ideal capacitive characteristics, delivering a high specific capacitance of ~ 380 F-g"'. Furthermore,
they maintained good cyclic stability, preserving nearly 98% of their initial capacitance after 4,000 charge/discharge
cycles. These promising results highlight the potential of these films as cost-effective and scalable candidates for next-
generation high-performance flexible supercapacitors.

Keywords: Hydriodic acid (HI) chemical reduction, Reduced Graphene Oxide Films (RGOF), supercapacitor,
electrochemical performance

1. Introduction

The rapid advancement of Portable and Foldable Electronic Devices (PFEDs) has increased the demand for
flexible materials that can be used in various components, including energy storage systems. Among these, Flexible
Supercapacitors (FSCs) have attracted significant attention due to their appealing characteristics."” Notably, compared
to conventional capacitors, FSCs offer energy densities that are several orders of magnitude higher. Furthermore, they
possess higher power densities than most batteries, although their specific energy density is somewhat lower.” As a
result, extensive research has focused on developing innovative materials with excellent physicochemical properties for
FSC applications.”

In supercapacitors, the energy density is directly dependent on the specific capacitance and the square of the
voltage window. Therefore, enhancing either of these parameters is an effective strategy for increasing energy density.
Specific capacitance can be improved by developing novel materials that offer higher specific surface areas and better
electrical conductivity compared to existing materials. Additionally, the use of aqueous electrolytes can further enhance
specific capacitance due to their smaller ion sizes, which enable more efficient utilization of the electrode surface area.’
However, the operating voltage window of aqueous electrolytes is theoretically limited to 1.23 V, and practically to
about 1.4 V due to kinetic constraints. In contrast, ionic liquids and organic electrolytes offer a promising alternative, as
they allow for a significantly wider operating voltage window.’

Among the materials that have recently attracted attention for supercapacitor applications, graphene stands out due
to its unique mechanical features, excellent electrical conductivity, large specific surface area, and remarkable chemical
stability.”” However, pristine graphene is both difficult and expensive to produce.”’ Therefore, significant efforts have
been directed toward a more cost-effective alternative. Notably, Reduced Graphene Oxide (RGO) shares many of the
desirable physicochemical characteristics of pristine graphene. RGO can be synthesized through the oxidation and
exfoliation of abundant graphite, followed by subsequent reduction."'

Notably, the oxidation and exfoliation process yields Graphene Oxide (GO), a material characterized by excellent
dispersibility in solvents like water, attributed to the introduction of Oxygen-Containing Functional Groups (OCFGs)
that render GO hydrophilic.”” This property facilitates the easy fabrication of free-standing Graphene Oxide Films
(GOFs) and coatings on various substrates.”'® The graphitic properties of GO-Based Materials (GBMs) can be restored
through reduction techniques, which include both thermal and chemical methods.'” Thermal reduction methods, such
as microwave irradiation,”" heat treatment,”” and laser scribing,” can be employed without damaging the structure of
GBMs. However, in the case of GOFs and coatings, chemical reduction using certain reagents may compromise the
structural integrity of the GBMs or even damage the underlying substrates.''

Due to its freestanding structure, GOF presents significant potential for applications in purification’ and coating'
fields. Moreover, its conversion into Reduced GOF (RGOF), along with further functionalization, enhances its
suitability for various components in PFEDs, including batteries,” displays, flexible thermoelectric generators,'” and
supercapacitors.”
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Hydroiodic acid (HI) has demonstrated exceptional effectiveness as a reducing agent for GOFs, owing not only
to its ability to yield freestanding Reduced Graphene Oxide Films (RGOFs) with superior electrical and mechanical
properties, but also to its role in introducing iodine-containing functional groups into the RGOF structure.”*” This
chemical modification significantly alters the material’s physicochemical characteristics, further boosting its suitability
for diverse applications, including supercapacitors.'®

Herein, we introduce a straightforward, rapid, cost-effective, and scalable strategy for fabricating RGOFs through
the chemical reduction of GOFs produced via a solution-casting technique. HI served as an efficient reducing agent,
enabling the formation of high-quality freestanding RGOFs. The mechanical and electrical properties of the films
were thoroughly characterized before and after reduction, accompanied by an in-depth analysis of the structural and
morphological transformations induced during the process. Additionally, the electrochemical behavior of the resulting
RGOFs was assessed in FSC applications, where they exhibited outstanding performance and long-term stability,
underscoring their strong potential for next-generation energy storage technologies. The originality of this work lies
in the simultaneous chemical reduction and in situ functionalization achieved through a scalable, one-pot synthesis
strategy. This integrated approach not only simplifies fabrication but also enables the production of RGOF-based
electrodes with outstanding electrochemical performance, offering a cost-effective pathway toward practical energy
storage applications.

2. Experimental
2.1 Materials and methods

Graphite oxide was synthesized from graphite microscale powder using the widely adopted modified Hummers
method.”*”” Exfoliation into GO was accomplished by ultrasonically treating the dispersion in a bath sonicator (KQ-
500 DB, 250 W). GOF were then produced by solution casting GO dispersions (4.5 mg-mL") into a glass mold.

To prepare a GOF with a thickness of 130 um using the mold mentioned above, the required amount of dispersed
GO for casting can be calculated as follows:

Ogo = (10 cm x 20 ¢cm) x (0.81 mg-em™)/(4.5 mg-mL™).
Ogo =36 mL.

Knowing that: 1 cm® of GO (130 um thickness) weighs 0.81 mg and the concentration of the as-prepared GO is
4.5 mg per mL, the Glass mold dimensions are 20 cm x10 cm.

The resulting films were first air-dried for 48 hours at room temperature, followed by thermal drying at 50 °C for
24 hours. The reduction of GOFs was carried out by immersing GOFs into hydriodic acid (30%) at 70 °C for 45 min.
For more details about the fabrication procedures, see our recently published articles.>'*"”

2.2 Characterization

* The crystallographic structure of the materials was analyzed using powder X-Ray Diffraction (XRD) with a
Rigaku TTR-III system equipped with Cu Ka radiation (4 = 0.15406 nm).

* Raman spectroscopy was performed using a Thermo Scientific DXR spectrometer (532 nm wavelength, 3.0 mW
power) in absorbance mode over the range of 100-3,500 cm™ to investigate the vibrational modes of the RGOFs.

* The microstructure of the samples was examined using scanning electron microscopy (SEM, JEOL JSM-
6480A).

* Electrical conductivity measurements of the RGOFs were conducted using the four-point probe technique
with a JANDEL RM3000 system. For each RGOF, three measurements were taken to ensure accuracy. The electrical
conductivity (o, S-cm™) was calculated using the equation o = 1 / (R-¢), where e (in cm) represents the RGOF thickness.
Three separate electrical conductivity measurements were taken for each film.

* Tensile strength tests were carried out using an INSTRON 4505 mechanical testing machine. The thickness of

Volume 7 Issue 1/2026| 89 Fine Chemical Engineering



both GOF and RGOF was measured by SEM. To ensure reproducibility, the tensile strength test was performed three
times.

2.3 Preparation of electrodes and electrochemical measurement

Concerning the evaluation of the electrochemical performance of RGOFs as an electrode for a supercapacitor,
the working electrodes were fabricated by directly pressing the RGOF onto nickel foam, which acted both as a current
collector and mechanical support. This configuration ensures good electrical contact while minimizing damage or
delamination of the RGOF during measurements. All electrochemical tests were conducted in a standard three-
electrode setup, where the Ni foam/RGOF system served as the working electrode, a platinum foil was used as the
counter electrode, and a Saturated Calomel Electrode (SCE) functioned as the reference. The electrolyte was a 6
M KOH aqueous solution, chosen for its high ionic conductivity and widespread use in supercapacitor testing. All
measurements were carried out at room temperature under ambient conditions. Cyclic Voltammetry (CV), Galvanostatic
Charge-Discharge (GCD), and Electrochemical Impedance Spectroscopy (EIS) were performed using a CHI 660C
electrochemical workstation. CV curves were recorded over a potential window of -1 to 0 V at various scan rates to
evaluate the capacitive behavior. GCD tests were conducted within the same voltage range at different current densities
to determine the specific capacitance and rate capability of the electrodes. EIS measurements were carried out at open
circuit potential in the frequency range of 100 kHz to 0.005 Hz, using an Alternating Current (AC) perturbation of 5 mV.

3. Results and discussion
3.1 Sample preparation

Graphite consists of numerous graphene layers stacked in a well-ordered structure, held together by weak van
der Waals interactions.” When subjected to strong oxidizing agents, typically in the presence of concentrated acids
and oxidants, microscale graphite undergoes chemical oxidation, leading to the incorporation of OCFGs, such as
hydroxyl, epoxy, carbonyl, and carboxyl, on both the basal planes and edges of the graphene layers. These functional
groups disrupt the n-n stacking between layers, increase the interlayer spacing, and significantly weaken the intersheet
interactions.” As a result, the oxidized graphite can be readily exfoliated into few-layer GO sheets using methods like
mild sonication.””' Moreover, the abundant oxygen functionalities impart GO with a strong hydrophilic character,
making it highly dispersible and stable in polar solvents like water.”” GO suspensions can be easily cast into molds
to fabricate freestanding GOFs through the gradual evaporation of water, typically achieved by annealing at a low
temperature range of 50-60 °C. The abundant OCFGs in GO facilitate strong inter-sheet hydrogen bonding and van
der Waals interactions, which contribute to the formation of cohesive, mechanically robust, and highly flexible GOF.
The solution-casting method employed here allows precise control over the size and thickness of the resulting GOFs
by adjusting key parameters such as the GO concentration, the volume of suspension cast, and the surface area of the
mold."

Dispersed GO prepared by
modified Hammrer’s method

GOF prepared through Reduction with the use HI
solution-casting technique as reducing agent

Figure 1. Schematic illustration of the fabrication process of RGOF

GO

The reduction of GOFs was carried out chemically by treating the films with HI at a relatively low temperature of
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60 °C. Unlike other reducing agents, HI possesses the unique advantage of preserving the freestanding structure and
mechanical integrity of the GOF during reduction.”* Regarding the underlying mechanism, studies have shown that HI
initially facilitates the conversion of epoxy groups into hydroxyl groups. Subsequently, iodide ions (I') act as efficient
nucleophiles, displacing the hydroxyl groups via substitution reactions. This stepwise reduction process leads to the
effective removal of a significant portion of oxygen functionalities, thereby restoring the conjugated sp’ carbon network
and enhancing the electrical properties of the resulting RGOF.” Figure 1 illustrates the fabrication process of RGOFs
from GO suspension.

When GO suspensions are reduced, the resulting RGO sheets tend to restack and agglomerate during drying. This
is largely driven by strong van der Waals forces and n-n bonding between adjacent layers of graphene, causing the
sheets to collapse into compact structures (Figure 2), thereby reducing accessible surface area and porosity.” In contrast,
casting GO into a freestanding film before reduction effectively addresses this issue. As shown in Figure 2, the resulting

film retains its structural integrity after deoxygenation, preserving the porous network formed through the removal of
OCFGs.

) Dried at RGO exhibitin,
Reducing Gg le 100 °C for 24 1 ¢cm Agglomeration (%f
suspension with HI - - hours ' sheets after drying
RGO sheets Agglomﬁratted RGO
sheets
Solution casting| Reducing
GOF
with HI RGOF exhibiting
GO suspension  E(bymm) retained
morphology
RGOF
Dried at
100 °C for 24
hours

RGOF

Figure 2. (a) Agglomeration observed in RGO sheets; (b) prevention of restacking and agglomeration through the formation of freestanding RGOF
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Figure 3. (a) Variation of the average electrical conductivity of GOF and RGOF as a function of reduction time. (b) Stress-strain curves of GOF and
RGOF (130 pm thick)

The as-prepared RGOF demonstrates outstanding electrical conductivity, which improves progressively with
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extended reduction time. As depicted in Figure 3a, the conductivity peaks at 2,564 S-m™ after two hours of reduction, a
result attributed to the efficient removal of OCFGs. This process restores the conjugated sp’ carbon network, enabling
more effective electron transport.” Significantly, the high conductivity of the RGOF allows it to serve directly as
an electrode, eliminating the need for a separate current collector, thus streamlining the supercapacitor design and
potentially lowering production costs.™

Beyond its electrical advantages, the RGOF also retains excellent mechanical flexibility. Following reduction,
the film exhibits a modest 2% increase in elastic modulus and a notable gain in ductility. Although the elastic modulus
of both GOF and RGOF is lower than values typically reported in the literature, this outcome stems from the solution
casting method used in our GOF preparation.

3.3 Morphological and spectral characterizations

To gain insight into the morphology of the as-prepared graphene-based films, both the surface and cross-sectional
structures of GOF were examined before and after chemical reduction. Notably, the surface morphology of the GOF
remained largely unchanged following reduction with HI, exhibiting a smooth surface with slight wrinkling (Figure
4a and Figure 4b). This observation confirms that the use of HI as a chemical reducing agent preserves the structural
integrity of the GOF without introducing significant surface damage.

In addition, cross-sectional SEM images (Figure 4c and Figure 4d) reveal substantial morphological changes
induced by the reduction process. Prior to reduction, the GOF displayed a densely packed, layered structure. After
reduction, however, the internal architecture transitioned into a more porous and loosely stacked configuration,
characterized by increased interlayer spacing and the emergence of a fluffy, less compact morphology. This
transformation can be attributed to the partial removal of OCFGs, which reduces van der Waals interactions and
disrupts hydrogen bonding between adjacent layers. Additionally, the release of gaseous byproducts during the chemical
reduction process contributes to the expansion of the film structure.

el ! e R e
20 kV %500 50 pm 22QkV. %500 50 um e I
2] - T X
\ [ \

20 kV: x.250" 100'/gm 20 kV x 300 50 um

Figure 4. SEM images of (a) GOF and (b) RGOF surfaces. Cross-sectional SEM images of (¢) GOF and (d) RGOF

The XRD patterns (Figure 5a) confirm the successful oxidation of natural graphite into GO. The XRD
spectrum of GO shows a prominent peak at 26 = 10.1°, indicating a significant increase in interlayer distance
to around 8.8 A. This expansion is attributed to the insertion of OCFGs and the formation of structural defects
during the oxidation process. Upon the chemical reduction, GOF is converted into RGOF, accompanied by a
shift of the diffraction peak to 26 = 24.4°, corresponding to a decreased interlayer spacing of about 3.64 A. This
reduction in d-spacing suggests the partial removal of OCFGs and the partial restoration of the graphitic structure.
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Figure 5. XRD patterns (a) and Raman spectroscopy (b) of GOF before and after 1 h reduction, (c) X-ray Photoelectron Spectroscopy (XPS) survey
of RGOF

Raman spectroscopy, recognized for its non-destructive yet highly informative nature, was utilized to delve into
the structural nuances of GBMs. As illustrated in Figure 5b, the Raman spectra of both GOF and RGOF highlight two
major phonon bands: the D band (~ 1,340 cm™), which is tied to structural imperfections and the disorder brought
on by OCFGs, and the G band (~ 1,590 cm™), reflecting the vibrational mode typical of sp’ carbon atoms within the
graphitic matrix. A crucial metric in evaluating graphene disorder is the intensity ratio between the D and G bands. For
unmodified GOF, this ratio stands at roughly 0.93. However, following chemical reduction with HI, the ratio climbs to
1.41, pointing to a notable uptick in defect sites. This increase likely stems from both the removal of OCFGs and the
integration of iodine atoms into the carbon framework. These structural disruptions arising from intrinsic defects such
as vacancies and residual OCFGs, or deliberate modifications through heteroatom doping like iodine, play a pivotal role
in enhancing the electrochemical performance of RGOFs. Such disruptions not only improve electrical conductivity
by facilitating charge transport but also increase redox activity by introducing new active sites. Notably, the emergence
of a distinct Raman peak around 160 cm™ in the spectrum of RGOF serves as strong spectroscopic evidence for the
successful incorporation of iodine atoms into the graphene lattice, indicating significant structural and chemical
modification.”"” Moreover, the XPS survey confirms the successful incorporation of iodine functionalities, revealing
that more than 6% iodine is present within the RGOF structure. In addition, approximately 26% oxygen is retained,
indicating the presence of abundant OCFGs. These functional groups, particularly iodine and oxygen species, are
expected to enhance the overall capacitance through their significant pseudocapacitive contribution.

3.4 Electrochemical behavior

The electrochemical performance of the as-prepared RGOF electrode was systematically evaluated using CV,
GCD, and EIS. Prior to all measurements, the RGOF-based electrode was chemically treated with HI at 70 °C for 45
minutes.

Figure 6a and Figure 6b present CV curves and GCD profiles, respectively, of the RGOF-based electrode. The CV
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curves display a quasi-rectangular shape superimposed with noticeable redox peaks, suggesting that the total capacitance
originates from a combination of Electric Double-Layer Capacitance (EDLC) and pseudocapacitive contributions. The
large specific surface area of the RGOF facilitates efficient ion adsorption at the electrode-electrolyte interface, thereby
enhancing EDLC behavior. In parallel, the presence of residual OCFGs and introduced iodine species contributes to
Faradaic redox reactions, which account for the observed pseudocapacitance.
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Figure 6. (a) CV curves of the RGOF-based electrode obtained at different scan rates; (b) GCD profiles of the RGOF-based electrode recorded at
varying current densities

Moreover, GCD measurements were performed within the same potential window across a range of current
densities. As illustrated, the charge-discharge curves exhibit a nearly symmetrical triangular shape with minimal Internal
Resistance (IR) drop, even at a high current density of 10 A-g”. This behavior indicates excellent electrochemical
reversibility, rapid charge transport, and low internal resistance of the RGOF-based electrode. Additionally, the
appearance of shoulder-like features and subtle deviations from ideal symmetry in the GCD curves further support the
coexistence of EDLC and reversible Faradaic reactions, confirming a hybrid charge storage mechanism dominated by
both EDLC and pseudocapacitance.

The specific capacitance (C/F-g") of the RGOF-based electrode was quantitatively determined from the discharge
profiles of the GCD curves recorded at various current densities. The calculation was performed using the following
standard equation:

At
mAV

C=i

(M

where i (A) is the applied discharge current, Az (s) is the discharge time, AV (V) is the potential window excluding the
IR drop, and m (g) is the mass of the electroactive material deposited on the working electrode.

The calculated specific capacitance values are summarized in Table 1. The RGOF-based electrode demonstrates
an impressive specific capacitance of 383 F-g"' at a low current density of 0.4 A-g”, highlighting its excellent charge
storage capability under slow charging-discharging conditions. However, as the current density increases, the specific
capacitance gradually declines, reaching 92 F-g" at 10 A-g™.

This decrease is primarily attributed to kinetic limitations during high-rate charge-discharge processes. At elevated
current densities, the time available for electrolyte ions to diffuse and access the internal pores of the electrode material
becomes insufficient. As a result, only the outer surface or easily accessible active sites contribute to the capacitance,
while deeper pores, especially those within agglomerated or densely stacked regions, remain underutilized. This
diffusion-limited behavior is a common characteristic of graphene-based materials and reflects the trade-off between
power and energy storage performance in supercapacitor systems.
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Table 1. Specific capacitance of RGOF-based electrode at various current densities

Scan rates/A-g”"

0.4

0.5

10

Capacity/F-g"

383.56

299.3

220.84

175.88

135.88

121.55

92.5

The long-term cycling stability of the RGOF-based electrode was evaluated by subjecting it to repeated CV
measurements in the potential range of 0 to -1 V at a scan rate of 0.1 V-s™ for 4,000 consecutive cycles, as shown in
Figure 7. Remarkably, the electrode retained approximately 98% of its initial capacitance after 4,000 cycles, indicating
excellent electrochemical durability. The stable cycling behavior suggests high reversibility of the charge storage
mechanisms, including both EDLC and pseudocapacitance, without significant degradation of active material.
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Figure 7. Cycling performance of the RGOF-based electrode evaluated over 4,000 consecutive CV cycles at a scan rate of 0.1 V-s™ within a potential
window of 0 to -1 V
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Figure 8. (a) Nyquist plot of the RGOF-based electrode recorded in the frequency range of 100 kHz to 0.005 Hz; (b) magnified view of the high-
frequency region

EIS is a well-established technique for probing the interfacial charge transport and electrochemical kinetics of
electrode materials, particularly in supercapacitor applications.”” Figure 8 presents the Nyquist plot of the as-prepared
RGOF-based electrode, offering valuable insights into its resistive and capacitive behavior. The plot features two distinct
regions: a small semicircle in the high-frequency domain and a nearly vertical line in the low-frequency region. The
small semicircle represents the combined effects of charge transfer resistance (R, at the electrode-electrolyte interface
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and intrinsic electronic resistance within the electrode material. The relatively small diameter of this arc indicates low
internal resistance and efficient charge transfer processes.

Meanwhile, the steep, almost vertical line at low frequencies is characteristic of ideal capacitive behavior,
reflecting dominant electric double-layer formation and effective ion diffusion within the porous RGOF structure. The
high slope suggests minimal diffusion limitations and a capacitive response approaching that of an ideal supercapacitor.
The negligible arc size and pronounced verticality of the low-frequency tail together confirm the excellent electrical
conductivity and efficient ion/electron transport pathways in the RGOF, likely due to the well-stacked yet highly
accessible graphene network.™
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Figure 9. Ragone plot illustrating the relationship between energy density and power density for the RGOF-based electrode

The Ragone plot (Figure 9) illustrates the trade-off between energy density and power density for the RGOF-based
electrode, providing a comprehensive assessment of its electrochemical performance. The maximum energy density was
calculated using the following equation:

E= %CAVZ 2)

Where E is the energy density (Wh-kg™"), C is the specific capacitance (F-g"), and AV is the voltage window, taken
as 1 Vin this study. The corresponding power density was derived using:

P= 3)

E
t

Where P is the power density (W-kg"), and ¢ is the discharge time (s) obtained from the GCD measurements.

These two metrics, energy and power densities, highlight the ability of the RGOF-based electrode to deliver both
high energy storage and rapid charge/discharge capability. As observed in the Ragone plot, the as-obtained RGOF-based
electrode exhibits a high energy density of 53.3 Wh-kg™ at a power density of 200 W-kg"', which can be attributed to its
high specific capacitance.

The relatively high energy density of the RGOF-based electrode can be attributed to the synergistic contributions
of multiple charge-storage mechanisms. First, pseudocapacitance (faradaic capacitance) arises from residual OCFGs and
the incorporation of iodine atoms, both of which provide additional redox-active sites. Second, the EDLC is enhanced
by the enlarged specific surface area generated during the reduction process. The introduction of iodine not only
creates localized defects and heteroatom sites that supply extra pseudocapacitive centers but also improves electrolyte
wettability, further promoting capacitive behavior. In addition, the freestanding structure of the RGOF, combined
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with the mild HI reduction that avoids structural damage, preserves excellent electrical conductivity. This high
conductivity ensures efficient ion transport and uniform electrolyte penetration throughout the interconnected network
of electrochemically active sites, thereby maximizing the overall energy storage performance.

Looking ahead, improving the rate capability of RGOFs at high current densities may be achieved through
pore engineering strategies that optimize ion diffusion pathways, as well as doping optimization to tailor surface
functionalities for faster redox kinetics. Moreover, exploring the use of alternative electrolytes, such as ionic liquids
or organic-based systems, could significantly extend the operating voltage window beyond aqueous limits, thereby
boosting energy density and enhancing compatibility with practical device applications.

4. Comparative analysis

The data presented in Table 2 summarizes recently reported electrode materials for supercapacitors in terms of
preparation method, specific capacitance, energy density, and long-term cycling stability. Combining RGO with various
functional materials, such as MXenes, conducting polymers, and metal oxides, has led to the development of highly
effective active materials for supercapacitors. For instance, RGO/MXene-PPy composites prepared via solvent-assisted
assembly deliver a high capacitance of 408 F-g"' with good retention.”” While CNT-Fe,0,/RGO composites fabricated
by electrophoresis exhibit relatively higher energy density and stable cycling.” Furthermore, multi-step treatments
can effectively enhance the supercapacitive performance of RGOFs; for example, RGOFs obtained through two-step
thermochemical reduction achieve a balanced combination of capacitance and stability.” In addition, other carbon-based
materials also show promise, as biomass-derived activated carbon electrodes demonstrate excellent cycling durability
with moderate capacitance values.” Notably, our flexible RGOFs, produced via a simple one-pot chemical reduction
using HI as the reducing agent, exhibit a favorable combination of high capacitance, enhanced energy density, and stable
cycling behavior, confirming their suitability as efficient electrodes for flexible supercapacitor applications.

Table 2. Comparative electrochemical performance of supercapacitor materials from recent literature

Material System Preparation method Specific capacitance Energy density Cycling stability
RGO/MXenle-rIr’lg)y composite Solvent-assisted assembly 408 F-g' (1A-g" 11.3W-h-kg' 8.8% loss after 10,000 cycles
CNT-Fe;0,/RGO flexible : Lol ol o] ~ 92.9% retention after

c;)rr?posite“ Electrophoresis 2756 F-g" (1A-g") 36.7 W-h-kg 10,000 cycles
Flexible RGOF> Thermochemical reduction  350.44 F-g" (0.5 A-g") 12.82 W-h-kg' 937% retention gﬁel;’“) after
Cotton-shell-derived Lo e Tt 97% retention (3% loss) after

activated carbon® Heat treatment 2478 F-g (0.52A-g") 22.6 W-h-kg 10,000 cycles
Flexible RGOF (Our study) Chemical treatment with HI 383 F-g” (0.4 A-g") 53 W-h-kg' 98% retention fy‘ﬁe'gss) after

5. Conclusion

This study presents a one-pot, cost-effective chemical reduction method for synthesizing RGOFs using
hydroiodic acid. The resulting RGOFs exhibit notable flexibility and high electrical conductivity, as confirmed by
electrical and mechanical assessments. Structural analyses through XRD and Raman spectroscopy validate the
successful reduction of GOF with the incorporation of iodine groups into its structure. Electrochemical investigations
reveal that the RGOFs deliver an exceptional specific capacitance of 380 F-g"' and operate efficiently within a
voltage window of 1 V in an aqueous solution. Notably, they achieve an impressive energy density of around
53 Wh-kg'. The simplicity of the fabrication process, combined with the scalability and low cost of graphene
production, positions these RGOFs as excellent candidates for next-generation, low-cost, ultrahigh-energy storage
solutions in PFEDs. Future feasibility studies should investigate the integration of RGOFs into flexible device
prototypes and evaluate their performance with alternative electrolytes.
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