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ABSTRACT

The use of electrodes capable of functioning as both electrochromic windows and energy storage
devices has been extended from green building development to various electronics and displays to
promote more efficient energy consumption. Herein we report the electrochromic energy storage
of bimetallic NiV oxide (NiVO) thin films fabricated using chemical bath deposition. The best
optimized NiVO electrode with a Ni/V ratio of 3 exhibits superior electronic conductivity and a
large electrochemical surface area, which are beneficial for enhancing electrochemical
performance. The color switches between semi-transparent (a discharged state) and dark brown (a
charged state) with excellent reproducibility due to the intercalation and deintercalation of OH~
ions in an alkaline KOH electrolyte. A specific capacity of 2403 Fg, a coloration efficiency of
63.18 cm?C~!, and an outstanding optical modulation of 68% are achieved. The NiVO electrode
also demonstrates ultra-fast coloration and bleaching behavior (1.52 s and 4.79 s, respectively),
which is considerably faster than the NiO electrode (9.03 s and 38.87 s). It retains 91.95% capacity
after 2000 charge—discharge cycles, much higher than the NiO electrode (83.47%), indicating that
it has significant potential for use in smart energy storage applications. The superior
electrochemical performance of the best NiVO compound electrode with an optimum Ni/V
compositional ratio is due to the synergetic effect between high electrochemically active surface
area induced by V-doping improved redox kinetics (low charge-transfer resistance), and fast ion

diffusion, which provides a facile charge transport pathway at the electrolyte/electrode interface.



Electrochromism is an interesting electrochemical phenomenon observed in oxides and
conjugated polymers that have been actively employed in various fields, including energy-efficient
smart windows, wearable devices, anti-glare rearview mirrors, military camouflage, Li ion
batteries and displays.!” This electrochemically reversible visualization technique can also be
combined with various functional devices such as supercapacitors, smart windows, information
displays, switchable mirrors, and dynamic shading elements.®” Over the last two decades,
supercapacitors have also received a considerable amount of interest as a promising energy storage
technology due to their high capacitance, good cycling stability, and fast charge—discharge

capabilities.®!13

Among various supercapacitor electrode materials, transition metal oxide (TMO)-based
pseudocapacitors, which operate on the basis of reversible Faradaic reactions on the electrode
surface, are known to have high power and energy densities and fast chargeability.!4!¢ Recently,
the fusion of energy storage and electrochromism technologies has created electrochromic
supercapacitors (also known as smart supercapacitors) and has been employed in conjunction with
energy storage, wearable technology, energy harvesting, thermal control, and sensing
technology.!”! Various strategies have been employed in the design and compositional
optimization of nanostructures to maximize their electrochemical performance by taking
advantage of the synergetic effect between porous structures and a higher electrode conductivity.
The nanostructure and porosity of TMO-based electrodes are beneficial for physiochemical
characteristics such as ionic diffusivity and the electrochemically active surface area (ECSA),
which strongly affect the dynamics of the surface reactions. The electrochemical reactions in
TMO-based materials are associated with their multiple oxidation states, which favor intercalation

reactions.>?



WOs3, NiO and their complex hybrid materials are vastly studied for electrochromic
supercapacitor applications due to their good electrochemical properties such as high coloration
efficiency, high color contrast, high optical modulation and reversibility (Figure la and
supplementary Table S1). However, they still suffer not only the absence of scalable, low-cost
synthesis but also from the low specific capacitance values, poor cycle life, and long response time
due to low electrical conductivity and slow diffusion kinetics. These drawbacks can be overcome
by enhancing the reversible ionic diffusion reactions, increasing the number of electrochemically
active sites, and improving electrochemical stability on the active surface. From a technical
perspective, it is desirable to develop electrode materials with high electrical conductivity, a larger
number of active states on a porous surface, and electrochemically and mechanically robust
constituents. Because the morphological and electrochemical nature of TMO electrodes is strongly
determined by the constituent metal elements, one practical approach for obtaining high-
performance TMO-based electrodes is to optimize bimetallic TMOs by way of tuning the
composition ratio of the metals involved. Environmentally benign NiO is one of the most suitable
materials for this purpose because of its high coloration efficiency, high specific capacitance,

outstanding cyclic reversibility, and good compatibility with other metals.

Herein we fabricate bimetallic Ni;.xVxO (0 <x < 1) compounds via chemical bath deposition
(CBD), tuning the composition ratio (x) systematically to maximize the electrochemical activity.
Figure 1b shows a schematic of the CBD method and the evolution of the surface morphology of
the Ni;xVxO films with increasing V content. Incorporating vanadium (V) into NiO enhances the
chemical reaction due to its multiple oxidation states and plays a key role in determining surface
morphologies. The best optimized bimetallic Nio.75Vo.250 exhibits a high specific capacity of 2403

Fg~! and a coloration efficiency of 63.18 cm? C™!, with a transition from semi-transparent to dark



brown and a higher optical modulation of 68%. More rapid coloration (1.52 s) and bleaching (4.79
s) is observed for the Nig75V0.250 electrode compared with the pure NiO-based electrode. The
best-performance Nig75Vo250 electrode offers long-term cycling stability over 2000
colored/bleached (i.e., charge—discharge) cycles.

All of the chemicals were of analytical grade and used as received without further purification.
Nickel chloride (NiCl,-6H20), sodium orthovanadate (NazVOs), and ammonia solution were
purchased from Sigma-Aldrich. All of the precursor solutions were freshly prepared using de-
ionized (DI) water. Nanostructured bimetallic NijxViO (NiVO) thin-film electrodes were
synthesized on indium doped tin oxide (ITO) substrates using a CBD technique. Here, the chemical
composition (x) corresponds to the Ni/V ratio in the precursor solution, and this precursor Ni/V
ratio shows a similar tendency to the experimentally obtained Ni/V ratio. Prior to deposition, the
ITO substrates were cleaned with acetone, methanol, and DI water. The precursor solutions were
prepared by dissolving nickel chloride (NiCl,-6H>0) and sodium orthovanadate (Na3VOs) in 60
ml of DI water. The molar ratio of Ni to V in the precursor solutions varied between 0.95:0.05 and
0.25:0.75. For comparison, pure NiO was also synthesized. The pH of the precursor solutions was
adjusted to 13 by adding 10 ml of ammonia solution. This solution was then transferred to a glass
beaker, into which the pre-cleaned ITO substrates were immersed vertically. The entire assembly
was then heated at 80 °C for 10 h using a circulating water bath system. The solution was
continuously stirred using a magnetic bar during the deposition process. After deposition, the films
were rinsed with DI water and dried with N2 gas. Subsequently, the films were annealed at 300 °C
for 2 h to remove water and increase adhesion to the substrate.

X-ray diffraction (XRD) patterns for the films were recorded using an X-ray diffractometer

with Ni-filtered Cu-Ka radiation (Ka 0-1.54056 A) (X’pert PRO, PANalytical). The surface



morphology was observed using field-emission scanning electron microscopy (FE-SEM; JSM-
6701F, JEOL, Japan). The chemical state of the bimetallic NiVO films was investigated using X-
ray photoelectron spectroscopy (XPS; ULVAC-PHI VersaProbe II), while their microscopic
structural properties were investigated using transmission electron microscopy (JEOL 3000F) and
high-angle annular dark-field (HAADF) scanning transmission electron microscopy (STEM) with
an Oxford energy dispersive X-ray spectroscopy (EDAX) detector (JEM-2100). High-resolution
transmission electron microscopy (HR-TEM) and selected area electron diffraction (SAED) were
conducted at 300 kV. Optical transmittance was analyzed using a spectrophotometer. The mass of
the active electrode was estimated using a standard weight difference method. A potentiostat
(Princeton Applied Research, VersaSTAT 3) was used with a conventional three-electrode
electrochemical cell containing a 2 M KOH electrolyte, Nii.xVxO as the working electrode, a
saturated calomel electrode (SCE) as the reference electrode, and graphite as the counter-electrode.
Electrochemical impedance spectroscopy (EIS) measurements were taken from 0.1 Hz to 10 kHz
(AC) using an impedance analyzer.

Figure 2 shows the microstructural and structural properties of a Nio.75Vo250 thin-film
electrode. Pure NiO exhibits a cauliflower-like morphology (Figure 2a and supplementary Figures
Sla—d), while the Nio.75V0.250 electrode has a smooth silk-like morphology (Figure 2b and Figure
2¢). With increasing V content in the NiVO film, the surface morphology changes dramatically
(supplementary Figures S2—S7). The V-dependent morphology of the NiVO films is associated
with complex growth reactions at different Ni/V ratios in the precursor solution. The growth
mechanisms are determined by the pH, ionic conductivity, viscosity, and solute (i.e., salt)
concentration of the solution. The V content in the precursor solution plays a crucial role in

controlling the characteristic surface morphology of the NiVO film, which is presumably due to



the different values of the atomic radius of Ni (1.49 A) and of V (1.71 A). The lower atomic weight
of V may promote the reaction rate, leading to a cauliflower-like morphology for NiO, a smooth

silk-like morphology for Nig.75V0.250, and interconnected thin, porous flakes for Ni0 25V0 75O.

EDX measurements reveal that the real atomic molar ratios of Ni/V in the Ni;xVxO films are
very similar to those of the precursor Ni/V solutions (supplementary Figures S2—S7). The SAED
patterns of the Nio75Vo.250 (Figure 2d) exhibit ring patterns which indicate the polycrystalline
nature of the electrode film.*** Figure 2e presents the TEM image of the Nig75Vo250 film,
showing its thin, silk-like morphology. The HRTEM image in Figure 2f shows clear lattice fringes,
with the lattice fringe spacing of 0.21 and 0.24 nm (Figure 2g and Figure 2h) corresponding to the
(101) and (110) planes of NiO.3¢ A continuous uniform distribution of the constituent elements is
observed in the HAADF-STEM EDX mapping images for the Nio75V0.250 sample (Figs. 2i-1).
The STEM elemental line scan (supplementary Figures S8a,b) also reveals the uniform distribution
of Ni, V, and O, even on a scale of a few micrometers.

Figure 3a presents the XRD patterns of the pure NiO and Nio.75Vo.25-O thin-film electrodes.
The peaks indicated by the asterisk and the broad peak around 30° are associated with the ITO
substrate. The diffraction peaks observed at 37.20°, 43.08°, and 62.76° correspond to the (111),
(200), and (220) planes of the cubic structure of NiO (JCPDS 44-1159). There are no well-defined
diffraction peaks in the measured XRD spectrum of Nip75V0250 due to the lattice distortion
following V doping, resulting in the degradation of the crystalline quality.** The effect of V doping
in NiO is confirmed by measuring the Raman spectra of the NiO and NiVO electrodes (Figure 3b).
The broad peak at 497.13 cm™! for the NiO sample was associated with the lattice vibrations of the
Ni-O bonds.*”*® The Raman spectrum for the Nio.75V0.250 sample differs dramatically. In particular,

the peak intensity of the NiO vibrations tends to decrease slightly towards higher energies



(indicated by the dotted lines). The shift in the peak position provides clear evidence for the
successful incorporation of V into the NiO. The Raman spectrum of the NiVO sample exhibits a
peak centered at ~800 cm™!, which is associated with the stretching modes of the (VO4)*~
tetrahedron. *>*° The systematic evolution of the XRD patterns and the shift in the Raman peaks
of the Ni;_,VxO samples are presented in supplementary Figure S9.

Figure 3c shows the XPS survey spectrum of NiO and Nig.75V0.250, revealing the presence of
Ni, V, and O in the bimetallic composite electrode. The XPS Ni 2p spectrum of NiO exhibits peaks
at the binding energies of 854.8 eV and 872.4 eV, which correspond to the Ni?* binding states of
Ni 2p3» and Ni 2pip, respectively (Figure 3 d).2% #! The peaks located at 856.6 €V and 874.1 eV
are due to the Ni** oxidation states,>® while the other peaks are shakeup satellite peaks related to
Ni** and Ni**. Interestingly, the binding states of Ni 2p32 and Ni 2p1; shift towards a high energy
side by 0.8 eV relative to those of undoped NiO, suggesting the modification of the electronic
structure upon V doping. This is because of the local chemical and physical environment of that
Ni atom and the chemical nature of the neighboring atoms, such as the existence of atoms of higher
oxidation states around it. Additionally, the reduced intensity of the satellite peaks at 856.6 eV and
874.1 eV upon V doping also indicates the formation of pure Ni*" and Ni** states. Figure 3¢ shows
the V 2ps/2 spectrum, which is deconvoluted into two peaks at 515.3 eV and 516.7 eV, and these
are associated with the V3* (V203) and V#* (VO») oxidation states.** Finally, Figure 3f shows the
O1s spectra of NiO and Nio.75V0.250. The V203 phase is clearly detected in the O 1s spectrum of
the Nio.75V0.250 sample (528.9 eV). The deconvoluted peaks at 530.2 eV and 531.2 eV in the
Niop.75V0.250 sample are associated with NiO and Ni»Ojs respectively. The shift in the binding
energy (~0.32 eV) in O 1s between NiO and Nio.75V0.250 is consistent with a similar shift observed

in the Ni 2p spectra.



The electrochemical performance of the electrodes was investigated using a conventional
three-electrode electrochemical cell in a 2M KOH electrolyte at room temperature. Figure 4a
presents the cyclic voltammograms (CVs) for the NiO and Nio.75V.250 electrodes recorded with a
potential window of between —0.5 V to 0.9 V vs. SCE at a scan rate of 5 mV/s. The CV curves
exhibit oxidation and reduction peaks (marked with arrows) during the anodic and cathodic scans,
respectively, illustrating the pseudocapacitive nature of the electrodes.® During the anodic scan,
both electrode films become dark brown due to oxidation before returning to their original
transparent state during the cathodic scan due to the reduction of the electrode. These reversible
oxidation and reduction processes are associated with the reversible transformation of Ni** to Ni**
via the insertion and de-insertion of OH™ ions. The insertion of OH™ ions cause the electrode to
become charged, while the de-insertion of OH™ ions discharge the electrode.

Figure 4b presents the chronocoulometry (CC) curves of the NiO and Nio.75V0.250 electrodes.
The applied potential step was = 1.2 V (vs. SCE) for a fixed time of 60 s. The constant
positive/negative voltage allows the film to alternate between colored and bleached for 60 s each.
The transmittance spectra of the colored and bleached films in a wavelength range of 300 to 800
nm are presented in Figure 4c. The difference in the transmittance is between the colored and
bleached states at 630 nm: in other words, optical modulation is 68% for Nio.75V0.250, which is
considerably larger than NiO (36%). This optical modulation analysis is consistent with the CC
data, confirming that the electrochemical energy storage and electrochromism of the electrodes are
associated with the same electrochemical mechanisms on the surface. The CV, CC, and
transmittance spectra of the other NiixVxO samples are presented in the Supplementary

Information (supplementary Figures S10-S14). The change in the optical density (AOD) and



coloration efficiency (CE) of the Ni1.xVxO and NiO electrodes is estimated using the following
equations:

(AOD)630nm =log (Ts/ Tv) (1)

CE 6300m = (40D) / (Q/A) 2)
where 7T and T. are the transmittance in the bleached and colored states, respectively, and Q/4 is
the charge density per unit area. The total charge density (Q/4) during the coloring and bleaching
processes is estimated from the CC curves. The estimated electrochemical parameters for Nij.xVxO
are provided in supplementary Table S2. The CE of the Nio75V0250 electrode is 63.18 cm*C™!,
which is considerably higher than that of the other samples (16.95 cm>C™! for NiO).

The switching time is an important parameter used to evaluate the performance of an
electrochromic supercapacitor and acts as an indicator of the kinetics during the electrochemical
process. It is defined as the time required for a system to reach its fully colored and bleached states
under alternating potentials. Figure 4d presents the chronoamperometric (CA) curves for the
Nio.75V0.250 and NiO samples recorded with potential steps of £ 1.2 V (vs. SCE) for a fixed time
of 60 s over 5 cycles. The switching time for the Nio.75V0.250 electrode for coloration and bleaching
is found to be 1.52 s and 4.79 s, respectively, which is significantly faster than those of the pure
NiO electrode (9.03 s for coloring and 38.87 s for bleaching). The estimated switching times for
the full range of Ni1.xV«O electrodes are presented in the Supplementary Information (Figure S15).

The fast-switching time of an electrochromic material or device is mainly determined by the
following factors: i) the electronic conductivity of the electrode, ii) the electrochemically active
surface area (ECSA), iii) ionic diffusion within the electrochromic material, iv) ionic conductivity,

42,43

v) film thickness, and vi) the composition/concentration of the electrolyte. The ionic

conductivity, film thickness, and composition/concentration of the electrolyte are not taken into



consideration because they are assumed to be similar for all of the samples. The observed superior
switching time of the NiVO electrode was associated with its improved redox kinetics, which is
directly related to electron transport within the electrochromic film (i.e., the electronic conductivity
of the electrochromic electrode). EIS analysis of all the samples reveals that the Nig.75Vo.250
sample has a lower charge transfer resistance of 12.53 Q than the other samples (15.09 - 479.2 Q).
Detailed analysis of the EIS results is provided in the Supplementary Information (supplementary
Figure S16 and Table S3).

We also evaluate the electrochemically active surface area (ECSA) of all the samples by
measuring their CV curves at different scan rates (supplementary Figure S17 and Figure S18). The
Nio.75V0.250 sample has a higher ECSA (2092 ¢m?) than the other samples (56-934 ¢cm?). Finally,
we estimate the diffusion coefficients for all the samples using the measured CVs (supplementary
Figure S19) and the Randles-Servick equation.***> The details for the diffusion coefficient
calculations are provided in the Supplementary Information. The estimated diffusion coefficient
(13.05 x1071° cm?s7!) of the Nig.75V0.250 sample is considerably higher than those (2.61 - 9.49 x10
10 ¢m?2s) of the other samples (see supplementary Table S4). Thus, based on the above analysis,
it is reasonable to conclude that the faster switching time of the Nio.75V0.250 electrode is associated
with its high conductivity and high diffusion coefficient, which provide efficient paths for
electrons and a larger contact area at the electrolyte/electrode interface. Figure 4e presents the
photographs of the Nig75Vo250 sample taken in its colored and bleached states. The semi-
transparent as-grown NiV film becomes dark brown following coloration at +1.2 V (vs. SCE, fully
charged state) for 60 s, and it returns to its original state at the opposite potential of —1.2 V (vs.
SCE, fully discharged state). The as-grown and bleached samples show no difference in

transparency and uniformity, suggesting that the electrode has good reversibility and sensitivity.



The electrochemical energy storage properties of the Nii«VxO and NiO electrodes were also
tested. Figures 5a and b display the measured galvanostatic charge—discharge (GCD) profiles of
the NiO and Nio.75V0.250 electrodes, respectively, measured at various current densities. Images of
the Nio.75V0.250 electrode in the as-grown, charged, and discharged states are shown in Figure 5c.
The stored energy level of the electrode between the charged (dark brown) and uncharged (semi-
transparent) states was monitored by its color. The GCD curves of the other Ni;.xVO samples are
presented in the Supplementary Information (Figure S20). The time required to charge and
discharge the electrodes is measured for a potential window of 0 to 0.42 V (vs. SCE). The non-
linear nature of the GCD curves confirms the pseudocapacitive behavior of the electrodes.!-?! The
discharge curves exhibit two slopes: IR drop and capacitive component. The specific capacity of
the electrodes is calculated using Eq. (3):

Cs = IAt/mAV 3)
where / and m represent the discharge current and the mass of the active material, respectively. AV
and At are the potential window and total discharge time, respectively. Figure 5d shows the specific
capacity of the NiO and Niop.75Vo0.250 electrodes at different current densities for 5 cycles. The
specific capacity values of the other samples are presented in supplementary Figure S21a and Table
S5. The specific capacity decreases gradually with an increasing current density. The average
specific capacity of the Nig.75Vo250 electrode is found to be 2403 Fg™! at a current density of 1
Ag™!, which is much larger than that of NiO (1333 Fg!). This value is also superior to those
obtained from other electrochromic supercapacitive materials reported in the literature (Figure 1
and supplementary Table S6).4¢*° Figure 5¢ and supplementary Figure S21b show the Ragone
plots of the NiixVxO samples. The Nio.75V0.250 electrode exhibits a higher energy density than the

other samples, which is in agreement with the other results.



The long-term electrochemical stability of the electrodes was evaluated using GCD
measurements at a current density of 5 Ag™! for 2000 cycles. Figure 5f shows the long-term cycling
stability of the NiO and Nio75Vo250 electrodes. The initial specific capacity of the NiO and
Nio.75Vo.250 electrodes is 357 Fg~! and 956 Fg~!, respectively. The capacity retention of the NiO
and Nio75Vo250 electrodes after 2000 charge—discharge cycles is 83.47% and 91.95%,
respectively.

To understand the electrochemical reaction mechanism of the best-performing Nio.75V0.250
electrode, we carried out ex-situ XPS measurements for the colored (i.e., charged) and bleached
(i.e., discharged) states. Figure 6a presents the XPS survey spectra of the Nig.75Vo.250 sample in
the colored or bleached states. The XPS spectra display the core-level peaks for Ni, V, O, and C.
The presence of the OKLL peak in the bleached and colored states is associated with the KOH
electrolyte. The peak intensity of the Ni 2p32 signal is significantly higher in the colored state than
in the bleached state, indicating the introduction of OH™ ions to the surface of the electrode. The
Ni 2ps2 core-level spectrum in the colored state exhibits two peaks at 855.5 eV and 861.5 eV
(Figure 6b), which correspond to Ni** oxidation states. The Ni 2p3 core-level spectrum in the
bleached state exhibits peaks at 854.79 eV and 860.46 eV, which correspond to Ni?* oxidation
states. The peak positions in the colored state shift to higher values by 0.71 eV and 1.06 eV in the
bleached state due to the conversion of Ni*" to Ni**. Thus, it is evident that OH™ ion intercalation
causes the coloration of the Nio.75V0.250 film. Similarly, V in the film undergoes a transition from
V3% (515.7 €V in the bleached state) to V4" (516.4 eV in the colored state), as shown in Figure 6¢.
The corresponding O Ls spectra are shown in Figure 6d. The O 1s spectrum in the bleached state
can be deconvoluted into three broad peaks at 529.2 eV, 530.6 eV and 532.4 eV which correspond

to V203, NiO and Ni203, respectively. On the other hand, the relative magnitude of these phases



in the colored state changes due to the incorporation of OH™ ions and oxidation of Ni and V. The
increased intensity of the NiO and V203 phases clearly suggest the oxidation of the electrode
during the coloration process.

In summary we have demonstrated the CBD synthesis and electrochemical properties of
bimetallic NiVO compound films as high-performance electrodes for electrochromic
supercapacitor applications. The NiVO compound electrode is optimized by tuning the
composition ratio of Ni and V. The optimal Ni/V ratio enhances the electronic conductivity and
ECSA of the NiVO compound electrode. The optimized NiVO electrode demonstrates excellent
electrochemical energy storage and electrochromic properties, with a specific capacity of 2403
Fg'at 1A/g (932 Fg! at 5 A/g) and a coloration efficiency of 63.18 cm? C~! at a wavelength of
630 nm, both of which are clearly superior to those obtained from other metal oxide-based
electrochromic supercapacitor materials. The optimized NiVO electrode switches between the
colored (dark-brown) and bleached (semi-transparent) states with an optical modulation of 68%
and with ultra-fast switching times of 1.52 s (coloration) and 4.79 s (bleaching). The enhanced
specific capacitance and switching time of the optimized NiVO film with an optimum Ni/V ratio
are associated with a high electrochemically active surface area induced by V-doping, improved
redox kinetics (low charge-transfer resistance), and fast ion diffusion, all of which facilitate the

rapid charge transport between the electrolyte/electrode interface.
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Figure 1. Literature survey results and comparison of specific capacitance (Csp:F/g) and switching
time (s) for various transition metal oxide (TMO) based electrochromic supercapacitor electrodes,
including our samples. (b) Schematic showing the growth processes of the NixVi.x oxides using
chemical bath deposition (CBD), along with their morphologies. As discussed in the main text,

the best-performance sample is Nio.75V0.250.



Figure 2. Structural and microstructural analysis. SEM images of the (a) pure NiO and (b, c)
Nio.75V0.250 at different magnifications. (d) Selected area electron diffraction (SAED) pattern
exhibiting diffused ring patterns. (¢) TEM, (f) HRTEM, and (g, h) an enlarged selected-area
HRTEM image which show clear lattice fringes with a distance of 21 and 24 nm, respectively.
(i-1) HAADF-STEM EDX elemental mapping, reveal the homogeneous distributions of Ni
(green), V (orange), and O (pink) in the sample.
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Optical transmittance spectra for NiO and Nio.75V0.250 in a colored and bleached state. (d)
Chronoamperometric curves for the Nio.75Vo.250 and NiO samples recorded with a potential step
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Figure 5. Galvanostatic charge—discharge (GCD) curves for (a) NiO and (b) Nio.75V0.250
recorded at different current densities. (c) Images of Nio.75Vo0.250 samples taken in a charged and
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Bimetallic Ni;.. VO (0 <x < 1) nanocompounds are fabricated via chemical bath deposition (CBD),

tuning the composition ratio (x) systematically to maximize the electrochemical activity. The best

optimized bimetallic Nio.75Vo0250 exhibits vastly superior electrochromic and electrochemical

energy-storage activities compared to the bare NiO nanosheet electrode.



