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Abstract

A series of microwave-assisted MoOs loaded V20s nanocomposites was prepared and tested as electrochemical superca-
pacitor electrode material. The novelty of the study is that the MoOs/V20s heterostructured nanocomposites have been
fabricated in a very short time using microwave radiation and their synergistic electrochemical activity in acidic and
alkaline electrolytes investigated. The structural studies confirmed the presence of both V20s and MoOs, and the FESEM
studies showed that the morphology of powder changes from a lamellar sheet to a nanorod-like shape when MoO:s is added
to V20s. The electrochemical performance of the prepared samples were studied for the nanocomposite of MoOs loaded
on V20s with specific capacitances of 224 F g™' and 172 F g, respectively, in 1 M H2SO4 and 3.5 M KOH electrolytes
at 1 A g'. The synergic effect of MoOs and V:0s gives better performance due to better charge transfer and ion diffu-
sion. The optimized electrode showed good electrochemical stability with 71% capacitance remaining after 5000 charge-
discharge cycles. In addition, energy density and power density values were estimated and presented for the synthesized
nanocomposites, which demonstrated the prospects of the nanocomposites in the field of electrochemical energy storage.
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1 Introduction

Rapid development of electronics, electric vehicles, wear-
able devices and renewable energy systems has resulted in a
need for efficient and sustainable energy storage solutions.
Even though the fossil fuels are still the primary source of
energy in the world, worries about environmental pollution,
climate change and resource depletion have led to the rapid
development of clean and renewable energy sources. Solar
and wind energy are intermittent, however, and require the
use of sophisticated energy storage devices that are able to
store and release energy efficiently [1]. Conventional dielec-
tric capacitors, batteries and electrochemical supercapaci-
tors have garnered considerable interest among the different
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energy storage technologies. The typical battery has a high
energy density, but a low power density and relatively slow
charge/discharge rate. Conventional capacitors however
have high power density, but very low energy storage abil-
ity [2]. Extensive scientific research has been dedicated to
studying supercapacitors, which are alternatively called
electrochemical or ultracapacitors. These capacitors are
employed with lithium-ion batteries due to their exceptional
power density, rapid charge and discharge capabilities, and
prolonged operational lifespan [1, 2]. On the other hand,
supercapacitors have a very low energy density, which
makes it difficult for them to be used independently as
standalone devices [3, 4]. The specific capacity of active
material has to be enhanced through a practical approach
to developing supercapacitors with a higher energy density.
In general, high-capacitance electrode materials have both
a large surface area and a high electrical conductivity rate
since these characteristics are intimately connected to the
electroactive surface for redox reactions, resulting in pseu-
docapacitance across the electrode materials [5, 6].
Numerous carbonaceous materials with a large sur-
face area are still used to produce supercapacitors’ elec-
trode materials [7]. Some examples of these materials are
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graphene, activated carbon, and carbon nanotubes [8]. When
subjected to rapid charging and discharging, the capacitance
of these carbon-based electrochemical double-layer capaci-
tors drops dramatically. Metal oxides, nitrides, and hydrox-
ides encounter certain shortcomings of carbon, which
typically display high capacitance for energy storage due to
the more cost-effective storage mechanism they adopt [9].
Furthermore, metal oxides and hydroxides have the poten-
tial to serve as the active materials of supercapacitors that
have a comprehensive energy density. V,05 is thought to
be one of the most suitable alternatives among many owing
to its high energy density, wide availability, relatively inex-
pensive, one-of-a-kind layered structure, blended oxidation
states (V2', V3%, V¥, and V™), and it has a simple synthe-
sizing method [10, 11].

In addition, it possesses a unique layered structure. Sev-
eral forms of active material based on V,05 have been iden-
tified for supercapacitors. The advancement in the capacity
of supercapacitors is possible through the implementa-
tion of two primary strategies. The first strategy involves
decreasing the size of the V,05 substances to the nano size
[12, 13]. This is done because nanomaterials have a substan-
tial surface area and small diffusion spaces, which can offer
additional electrochemically active sites and facilitate the
concentration polarization of active material. When com-
pared with non-nanostructured materials, various types of
V,05 nanostructures [14], such as nanowires, nanosheets,
nanofibers, nanorods, and hollow microcapsules, are effec-
tive in enhancing electrochemical kinetics and lowering the
diffusion distance for Li+ ions. These nanostructures have
been proven efficient in improving electrochemical kinetics
[1, 15, 16].

Incorporating highly conductive substances into V,Os
should be considered the second strategy for enhancing
the capacity of supercapacitors. This is because conductive
materials may significantly increase the rate at which elec-
tronic transfer occurs [17]. In earlier research, several differ-
ent kinds of conductive materials, such as carbon nanotubes
(CNT), mesoporous carbon, graphene, and conductive poly-
mer, were examined as possible supports for developing
V,0s-based nanostructured materials.

While V20s-based hybrid nanocomposites, like WOs/
V205 and MnO-/V20s, have been explored earlier for elec-
trochemical energy-storage applications, the effects of
MoO:s incorporation into V20s have been comparatively
less investigated. The comparative table illustrating the per-
formance was provided in Table 1. MoOs has a high theo-
retical capacitance, a number of oxidation states and can
be proton-intercalated with good proton-intercalation abil-
ity, thus offering additional redox-active sites and improv-
ing charge-transfer processes. Moreover, heterointerfaces
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of MoOs/V-0s are expected to enhance electron transport
and ion diffusion kinetics. This makes it worth studying the
synergistic effect between MoOs and V205 with microwave-
assisted synthesis reactions to gain insight into structure-
property relationships and enhance the performance of
supercapacitors.

2 Experimental methods
2.1 Preparation of MoO;/V,0; nanocomposites

The synthesis of MoO,/V,05 nanocomposites was accom-
plished through the following procedure: Separate solutions
of 0.1 M ammonium metavanadate (NH,VO;) and 0.1 M
ammonium molybdate (NH,);Mo-0,,) were prepared. The
pH levels of these solutions were then adjusted to approxi-
mately 2 by gradually adding HNO; solution while main-
taining continuous stirring. Following a designated period,
solutions containing 2 wt%, 4 wt%, and 6 wt% concentra-
tions of ammonium molybdate were meticulously introduced
at a controlled pace into a precursor solution composed of
0.1 M NH,VOs;. This process led to the formation of MoO5/
V,05 nanocomposites. The thoroughly blended solutions
underwent continuous stirring for a duration of one hour,
followed by a brief exposure to microwave irradiation for
10 min. Subsequently, the microwave-irradiated solutions
were allowed to settle undisturbed, forming a distinct and
transparent precipitate.

. The obtained precipitates were subjected to multiple
washes using ethanol to dissolve any remaining residues.
Subsequently, the washed precipitates were dried on a hot
plate. The resulting dried powders were then heated in a
muffle furnace at a temperature of 200 °C for a duration
of 4 h. The resulting products were labeled as follows: (a)
denoting pure V,0s, (b) representing the 2 wt% MoO,
loaded V,05 sample, (c) indicating the 4 wt% MoOj; loaded
V,0;5 sample, and (d) representing the 6 wt% MoO; loaded
V,05 sample.

2.2 Characterization techniques

The crystal structure analysis was conducted using PANa-
lytical X’pert Pro X-ray diffraction (XRD) equipment.
The surface morphology was examined through scanning
electron microscopy (SEM) using a Vega 3 model and field
emission scanning electron microscopy (FESEM) using
a Zeiss model. The presence of elements was determined
using energy-dispersive X-ray spectroscopy (EDAX) with
an Oxford Instruments model. Fourier Transform Infrared
Spectroscopy (FTIR) was employed to identify functional
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Table 1 Comparative study of S.No  Electrode Synthesis method Electrolyte  Specific Reference
V20s material capacitance

1 V2051rGO One-pot hydrothermal 3MKOH 6864Fg! (Ahmad

nanocomposite (10 mVs™); Shahetal.,
5889F g! 2026) [18]
1Aagh

2 Ti;C.T«@V20s Microwave-assisted 3MKOH 1090Fg! (Mashangva
composite MXene+hydrothermal V20s + (1Agh et al., 2026)

sonication [19]

3 V20s5/CNT Hydrothermal 1M 704 F g (Hussain et

composite Na>SOs (1 mVs™); al., 2026)
691 Fg' (1A [20]
gh

4 RuO>-V20s Controlled spray pyrolysis 6 MKOH 122348F g!' (Liuetal,
nanocomposite (0.1Ag") 2026) [21]

5 Te@V:0s porous  Salt-templating +electrochemical PVA-LiCl 297 F g! (Velmuru-
electrode Te plating gel gan et al.,

2026) [22]

6 V20s Microwave synthesis 499.14F g (Alsham-

nanoparticles 2Ag"H mari, 2026)
[23]

7 MXene/V20s/ Hybrid assembly of MXene, PVA/ 1614 F g! (Ghazal et
CuNi-MOF V20s nanorods and CuNi-MOF ~ H>SOs gel al., 2026)
composite [24]

8 Sm**-doped V205 Bio-fueled solution combustion 33228 Fg! (Ganesh et
nanoparticles al., 2025)

[25]

9 V20s/Ti02/SnO:  Hydrothermal 892 F g' (1 A (Steena et

ternary composite g al., 2026)
[26]

10 V205@MnCo:0s  Hydrothermal + co-precipitation 428 Fg' (1 A (Doras-

nanocomposite g wamy et al.,
2026) [27]

11 V20s/TisC2Tx In-situ hydrothermal growth on 798 C g! (Kumar P P

MXene hybrid Ni foam (specific & Thomas,
capacity) 2026) [28]

12 V20s/rGO/ Nanohybrid self-assembly/ IMKOH 1400F g (Jenet et al.,
Ti;C.Tx MXene  integration (1Agh 2026) [29]
nanohybrid

13 V205/Ce02 Egg albumin-assisted green 1173.05F g'  (Sutharthani
nanocomposite synthesis (1Agh et al., 2026)

[30]

14 MoS-/ Sol-gel auto-combustion 1469 F g! (Mohamed
Bi2Ses/V20s 45A¢g" Ismail et al.,
nanocomposite 2023) [31]

15 V205—VOPO4 Combustion synthesis 310.9 mF (Prakash et
heterostructure cm™ al., 2026)

[32]

groups using a Spectrum RX I model by Perkin Elmer. The
band gap values were measured using a Lambda-35 instru-
ment by Perkin Elmer.

The surface area and pore size were determined via
BET analysis using an Autosorb iQ Station. Electrochem-
ical investigations, including cyclic voltammetry (CV),
galvanostatic charge/discharge analysis, and electro-
chemical impedance spectroscopy (EIS), were carried out
using a BioLogic SP-300 electrochemical workstation.

The working electrodes were prepared by mixing 80 wt%
Mo0O,/V,05 nanocomposite, 15 wt% super P carbon and
5 wt% PVDF binder, with the addition of a few drops
of ethanol. The resulting slurry was coated onto graph-
ite foil and dried in a hot air oven to obtain the working
electrode material. Electrochemical analysis was con-
ducted at room temperature using a IM H,SO, and 3.5 M
KOH electrolyte for the electrochemical supercapacitor
studies.
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Specific capacitance of the electrode materials was deter-
mined from cyclic voltammetry (CV) curves with:

Cop = %where Cspis the specific capaci-

tance (F/g), [ I (V) /dV is the integrated area of the CV
curve, m is the mass of active material (g), v is the scan
rate (V/s), and A V is the potential window (V).

The specific capacitance was calculated from galvano-
static charge-discharge (GCD) measurement and the fol-
lowing equation was used:

Cop = %where I is the discharge current (A), At
is the discharge time (s), m is the mass of the active mate-
rial (g), and AV is the potential window during discharge

V).

3 Result and discussion

XRD pattern of as-prepared MoO,;/V,05 nanocompos-
ites was shown in Fig. 1. The diffraction peaks showed
the characteristics peaks of V,0s nanostructure at (200),
(100), (101), (110), (301), (314), (002), (412), (020), and
(321) which corresponded to orthorhombic phase structure
(JCPDS card no: 41-1426). The high crystalline nature was
substantiated by the presence of intense peaks at the coor-
dinates (100), (110), (301), (020), and (321) [33, 34]. The
characteristic peaks of (110), (040), (021), (060), (002), and
(042) are coined with orthorhombic phase ( JCPDS card
10:05-0508) of MoO; [35], which confirmed the presence
of MoO; with V,0s. In addition, the XRD pattern revealed

the emergence of hybridised MoO/V,05 nanocomposites
by displaying a mixed state of V,05 and MoO; structure
without any additional impurities [36]. The Debye-Sherrer
formula was used to determine the crystallinity of the pure
V,05 and MoOj; loaded (2,4,6 wt%) nanostructure’s and
crystalline size was calculated as + 14 nm, + 17 nm, + 19 nm
and +20 nm respectively. and the average crystalline size of
Mo0,/V,05 nanocomposites was estimated as +18.66 nm,
respectively. The results indicates that MoO; loading largely
preserved the orthorhombic structure of V,0s5. Minor
shifts of selected diffraction peaks have been discussed by
detailed examination of the diffraction patterns here in terms
of lattice distortion and interfacial strain, which are caused
from the interaction between the MoOs and V:Os phases.
Furthermore, the X-ray diffraction peaks of characteristic
orthorhombic V20s and orthorhombic MoQOs further vali-
date the formation of a heterostructured composite instead
of a complete replacement of Mo ions in the V2Os lattice.

The FTIR spectra of the pure V2Os and the MoOs loaded
V205 nanocomposites are shown in Fig. 2. The V-O-V
bending vibrations at ~467 cm™', V-O-V stretching vibra-
tions at ~606 cm™ and terminal V=0 stretching vibrations
at~1024 cm™ are assigned to the triply coordinated oxygen,
doubly coordinated oxygen and terminal V=0, respectively
[37, 38]. The wide absorption band at 3443 cm™ ! is the
result of the stretching vibration of hydroxyl groups on the
surface and physically bound water molecules. The bands in
the region of 476-823 cm™ ! are characteristic bands which
indicate that the orthorhombic V,05 framework has been
formed.

Fig. 1 XRD patterns of V,05 (a)
and MoOj; loaded V,Os (b, ¢.d)
nanocomposite
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ot
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Fig.2 FTIR spectrum of V,05 (a)

and MoO;, loaded V,0; (b, ¢, d) (d)
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When MoO:s is incorporated, the following changes can
be seen in the vibrational spectra: broadening of the peaks
and shifting of the characteristic band from around 823 cm™
to 932 cm™. The origins of this shift can be understood
through the strong interfacial interaction between MoOs
and V20s, which alters the local bonding environment, and
causes a lattice distortion of V2Os structure [39]. The force
constant of the metal-oxygen bonds changes upon incor-
poration of species containing Mo, causing the frequency
of the vibrations to change. Moreover, the bands have
increased in intensity and spread around the 755-1087 cm™
region, which are related to the Mo—O stretching vibration
of orthorhombic MoOs. These observations validate the suc-
cessful development of the MoOs/V-0s heterostructure and
suggest electronic coupling between the two oxide phases.
These observed peak shifts and peak broadening with the
introduction of MoOs into the structure is therefore a char-
acteristic of interfacial coupling and structural modification,
not just physical mixing of the constituent oxides [40].

The structural and morphological analysis of microwave-
assisted pure V,O5 (labeled as (a)) and MoO;/V,05 nano-
composites (labeled as (b-d)) was conducted using SEM
image analysis and presented in Fig. (3). The SEM images
showed the lamellar shape V,05 nanostructure. When the
loading ratio of MoO; with V,05 was increased gradually,
the surface of the V,05 nanostructure was changed to a
rod shape. To get more precise information about MoO,/
V,05 (b-d) nanocomposites, FESEM image analysis was
requested. FESEM analysis allows for visualization of the
surface of nanostructures at very high magnifications, with
resolutions ranging from a few nanometers to sub-angstrom

T
1500

T T T T
2000 2500 3000 3500

Wavelength (cm™)

4000

levels. This technique is beneficial for characterizing the
morphology and size of nanomaterials and studying their
structure, composition, and surface chemistry. The FESEM
micrographs demonstrated that the lamellar shape was
modified to a nanorod shape (Fig. 4). This structure and
morphology modification was attributed to the hotspot
generation owing to microwave irradiation heat treatment
during crystal formation. The hotspots dynamically stimu-
late mass transport and directional fusion into rod-shaped
arranged superstructures [41]. Average length and diameter
of nanorods were be estimated from the FESEM images
using several representative particles. The results show that
the length of the nanorods are around 300-700 nm and the
diameters are 90-180 nm, depending on composition, with
MoOs loaded V20s nanorods. The size distribution his-
togram, which shows the uniformity of the nanorod mor-
phology (Fig. 5). The narrow size distribution observed is a
good indication of the uniformity of the growth conditions
in microwave-assisted synthesis. These other analyses give
more quantitative insight into the morphology and how it
affects the electrochemical performance.

The presence of Mo and V elements in the as-prepared
nanostructures was examined using energy-dispersive
X-ray spectroscopy (EDAX) spectrum analysis, as shown
in Fig. 6. The obtained EDAX spectrum clearly showed the
existence of Mo and V compounds in all samples, and the
V element was rich in composition. Further, the elemental
mapping analysis confirmed the same presence, as shown
in Fig. 7).

Figure 8 shows the UV-Vis absorption spectra of the
as-prepared nanostructures. The optical band gap was

@ Springer
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Fig.3 SEM images of pure
V,05 (a) and M0O5/V,05 (b-d)
nanocomposites

Fig.4 FESEM images of pure
V,05 (a) and MoO5/V,05 (b-d)
nanocomposites

calculated by the relation 1242/A, Where A is absorption fre-
quency. The reflectance spectrum dramatically shifted when
MoO; was added to the V,0; crystalline structure. From the
calculation, pure V,05 nanostructure showed a band gap
value of 3.12 eV, and adding MoO; with V,05 nanostructure
enhanced the optical band gap value to 3.15 eV, 3.17 eV,
and 3.20 eV, respectively. The observed enhancement in the

@ Springer

V20s (a)

MoO3/V20s (d)

optical band gap is attributed to the limitation imposed by
the particle size of the nanostructures.

BET analysis was conducted to estimate the particle and
pore size (Fig. 9). The BET analysis demonstrated the IV-
type isotherm. The surface area of the MoO; / V,05 com-
posite was calculated as 53.009 m?%g. The as-synthesized
nanocomposites’ pore volume and radius were determined
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Fig.6 EDAX spectrum of pure V,05 (a) and MoO;/V,05 (b-d) nanocomposites

from BJH adsorption as 0.101 cc/g and 15.268 A. when sub-
ject to increased pressure; the WO,/V,05 nanocomposite
exhibited a sharp variation in the relative pressure isotherm,
attributed to the capillary escalation occurring within the
homogeneous interlayer spacing. This increase in pressure
was observed in the P/P0 curve, indicating a rise in the rela-
tive pressure isotherm.

The electrochemical investigation of the as-prepared
samples was conducted using a three-electrode system in
IM H,SO, and 3.5 M KOH electrolytes. Cyclic voltammo-
grams of pure V20s and MoOs-loaded V205 nanocomposites
show different redox peaks at various scan rates, which is
indicative of pseudocapacitive behavior of electrodes. The
reversible Faradaic reactions of the V>*/V#" and Mo®/Mo**

@ Springer
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Fig.7 Elemental Mapping
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Fig.9 BET analysis of MoO; / 60
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redox couples are associated with the anodic and cathodic
peaks observed. The current response and enclosed CV
size of the device are greatly improved with the addition
of MoO:s, suggesting that the device stores a greater charge.
The integrated area of the nanocomposite with 6 wt%
MoQs/V20:s is the highest among the investigated samples,
thus showing the highest electrochemical activity.

The charge storage mechanism is based on the revers-
ible proton insertion/extraction process in the acidic electro-
lyte and hydroxyl ion adsorption/desorption process in the
alkaline electrolyte. The specific capacitance of as-prepared
nanocomposites demonstrated as 184, 202 and 224 F/g
at the current density of 1 A/g in acidic electrolyte (1M
H,SO,) medium (Fig. 10). The same electrode materials
were investigated in a 3.5 M KOH electrolyte medium and
observed the maximum capacitance of 147 F/g, 159 F/g,
and 172 F/g, respectively (Fig. 11). The specific energy
was calculated as 31.1Wh/Kg and Specific energy density
as 170 W/Kg. The enhanced electrochemical performance
of the M00s/V:0s electrode is attributed to the synergistic
interaction between MoOs and V2Os. The MoOs phase pro-
vides additional electroactive sites and facilitates electron

Relative pressure (P/P )

transport across the heterointerface, while the nanorod mor-
phology offers shorter ion diffusion pathways and improved
electrolyte accessibility. Consequently, rapid charge trans-
fer occurs at the electrode—electrolyte interface, resulting in
higher capacitance and improved rate capability.

At higher current densities, there was a gradual decrease
in voltage because of the increased resistance of the elec-
trode/electrolyte interface [2, 15]. This is owing to the resis-
tance increasing as the current density increases. Because
of this voltage drop, the potential difference between the
electrodes may narrow, reducing the amount of charge that
can be stored. As the scan rate increases, the peak current
increases while the specific capacitance gradually decreases.
This behavior is attributed to insufficient time for electrolyte
ions to diffuse into the inner electroactive sites at high scan
rates. At lower scan rates, the electrolyte ions can effectively
penetrate the porous structure and participate in complete
Faradaic reactions, leading to higher capacitance values.
The minimal shift in peak potentials with increasing scan
rate indicates good electrochemical reversibility and fast
charge-transfer kinetics of the MoOs/V:0s heterostructure.
High current densities can also cause localized heating and
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Fig. 10 Cyclic voltagram in 1M H,SO, electrolyte of V,05 (a) and MoO; / V,05 (b-d)

stress within the electrode, which can further contribute to
material degradation and inefficient consumption [42].

The charge-discharge analysis for the as-prepared elec-
trodes was conducted in both electrolytes (1 M H,SO, and
3.5 M KOH) and depicted in Figs. 12 and 13. The galvano-
static charge and discharge curves of the nanocomposites
Mo0O3/V20s show non-linear charge and discharge curves,
which further indicates that the electrode material has a
pseudocapacitive property. The deviation from an ideal tri-
pod shape suggests that there are Faradaic redox reactions
on top of the charge storage in the electric double layer.

@ Springer

The optimized 6 wt% MoOs/V-0s electrode has the lon-
gest discharge duration, that is, its highest specific capaci-
tance. An extended discharge time means efficient use of
electroactive sites and better ion diffusion in the structure
of the electrode. The enhanced electrochemical proper-
ties are believed to be due to the presence of MoOs3/V20s
hetero-interfaces that can accelerate electron transport and
decrease the charge transfer resistance. In the charging pro-
cess, electrolyte ions migrate from the bulk electrolyte to
the electrode surface, and enter reversible redox reactions
of vanadium and molybdenum species. On discharge, the
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Fig. 11 Cyclic voltagram in 3.5 KOH electrolyte of V,05 (a) and MoO; / V,05 (b-d)

stored charge is discharged via the reverse reactions, thus
providing a prolonged discharge performance. The low
internal resistance as indicated by the IR drop at the starting
point of the discharge curve indicates that the internal resis-
tance is low and the electrical conductivity properties are
good. The discharge time becomes shorter and the specific
capacitance decreases with an increase of the applied cur-
rent density. This is explained by the fact that at higher cur-
rent densities, only the outer electroactive sites are involved
in the charge storage process and the ion diffusion of the
electrolyte is limited. However, high values of capacitance
that remain even at high current density indicate good rate

capability and charge transport efficiency of the MoOs/V20s
nanostructure. The better electrochemical performance of
the optimized electrode is therefore explained by the fol-
lowing: (i) the higher electrical conductivity is thanks to
the incorporation of MoOs, (ii) the higher electrochemically
active surface area is due to the formation of nanorods, (iii)
the shorter ion diffusion pathways and (iv) the synergistic
redox activity shown by the coexistence of V>'/V*#" and
Mo®/Mo** redox couples [2, 15].

It signifies that the supercapacitor exhibits efficient charge
transfer kinetics and maintains a high Coulombic efficiency,
enabling reliable and sustainable energy storage over

@ Springer
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numerous charge-discharge cycles. The charge-discharge
time progressively decreases as the current density increases
and the specific capacity diminishes. The elevation of current
density induces a significant uptake of vanadium electrolyte
ions at the electrode interface, causing a rapid reduction in
vanadium ion concentration at the interface. This decline in
concentration triggers an increase in concentration polariza-
tion. Sustaining a high current density necessitates higher
excitation voltage, yet it does not increase the charge at the
interface. Consequently, this circumstance decreases specific
capacitance as the current density rises [43, 44].
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The EIS spectra of the as-prepared electrode material
was shown in Fig. 14. An Ultracapacitor is a circuit assem-
bly comprising numerous interconnected capacitors and
resistors. With an increase in test frequency, the influence of
resistor R becomes more prominent. In contrast, a decrease
in frequency leads to a more significant impact on capaci-
tor C. At the same time, primarily determine the impedance
Z in the low-frequency region (LF), the impedance Z is
characterized by the series combination of resistance R and
capacitance C. EIS measurement reveals a high-frequency
resistance of 2.84 Q.
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Fig. 13 GCD Curves in 3.5 M KOH electrolyte of V,05 (a) and MoO; / V,05 (b-d)

Additionally, the semicircle was observed in the low-
frequency region is higher, indicating a more rapid diffusion
rate of ions. This enhanced ion diffusion rate contributes to
the supercapacitor’s improved charge and discharge rate
[45]. Figure 15 demonstrated the long cycle performance
and indicated that the as-prepared electrode was stable up
to 5000 cycles with a capacitance retention of 71%. Super-
capacitors primarily utilize Faraday reactions for energy
storage, and it is known that the fast reversible redox reac-
tions involved in these processes are not entirely revers-
ible in experimental conditions. Consequently, a decline in
specific capacitance often occurs during cycle testing. The
electrode material’s structural integrity and electrochemical

reaction heavily influence supercapacitors’ cycling perfor-
mance. Addressing the structural instability of V,05 can be
achieved by constructing distinctive nanostructures, which
can mitigate degradation and enhance the cycling stability
of the supercapacitor system [46].

4 Conclusion

In this study, MoO;/V,05 nanocomposites were synthesized
using a microwave-assisted method. The X-ray diffrac-
tion (XRD) analysis confirmed the presence of characteris-
tic peaks corresponding to the orthorhombic phase of V,0s
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nanostructures, along with the presence of MoO;. Fourier
Transform Infrared Spectroscopy (FTIR) identified various
functional groups in the nanocomposites. Scanning Electron
Microscopy (SEM) images revealed the lamellar shape of
the V,05 nanostructures. However, Field Emission Scanning
Electron Microscopy (FESEM) showed a modification of the

@ Springer
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lamellar shape into a nanorod shape. Energy-dispersive X-ray
spectroscopy (EDAX) analysis confirmed the presence of Mo
and V elements in the prepared nanostructures. The specific
capacitance of the as-prepared nanocomposites was deter-
mined to be 184 F/g, 202 F/g, and 224 F/g at a current density
of 1 A/g in the acidic electrolyte (1M H,SO,). When tested in
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a 3.5 M KOH electrolyte medium, the maximum capacitance
values observed were 147 F/g, 159 F/g, and 172 F/g, respec-
tively. The long-cycle performance of the electrode demon-
strated good stability, as the nanocomposites retained 71%
of their initial capacitance after 5000 cycles. These findings
suggest the potential of the MoO,/V,05 nanocomposites for
electrochemical energy storage applications.
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