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Optimizing Polyoxometalate Electrodes for Energy Storage
via Cation Design and Thermal Activation
Lucía Vizcaíno-Anaya, Óscar Giner-Rajala, Carlos Herreros-Lucas, Héctor Rodríguez,
and María del Carmen Giménez-López*

Polyoxometalates (POM) are promising materials for electro-
chemical applications, such as supercapacitors. However, their
stability in aqueous electrolytes is compromised due to POM clus-
ter leaching. To mitigate this issue, POM can be combined with
organic counter cations, which reduce their solubility in water
and influence interactions with carbon support materials.
Nevertheless, further research is needed to determine the optimal
characteristics and electrode design for maximizing performance.
In this work, a synergistic methodology to investigate POM com-
pounds bearing cations with three core functionalities (ammo-
nium, imidazolium, and pyridinium) and varying alkyl side
chain lengths, is developed in order to elucidate and optimize

the effects of hydrophobicity on the structure of organic–inor-
ganic hybrid materials, electrode films, and their electrochemical
performance. The results show that, although cations with long
alkyl chains exhibit lower capacitance, they can be activated
through molecular rearrangement in the solid state, facilitated
by the flexibility of these chains within the structure. By combin-
ing thermal and electrochemical techniques, the electrode mate-
rials are optimized. These findings demonstrate that the careful
selection of counter-cations with the appropriate molecular struc-
tures, followed by a thermal activation protocol, is key to devel-
oping more efficient and durable energy storage systems.

1. Introduction

Polyoxometalates (POM) are nanometric transition-metal oxide
clusters with unique structural features and versatile redox prop-
erties,[1] making them highly attractive for electrochemical appli-
cations, such as catalysis,[2,3] batteries, and supercapacitors.[4,5]

However, POM materials face two major challenges for their
implementation in electrodes for energy-related applications.
The first challenge is their inherently low electrical conductivity,
which has been widely addressed by combining POM with
carbon-based support materials.[6–11] The second and more

critical challenge is their high solubility in aqueous media due
to their anionic nature, leading to the leaching of the POM clus-
ters from the electrode into the electrolyte solution and reducing
their stability.[12–14]

One promising approach to addressing this issue involves the
incorporation of organic counter cations into the inorganic struc-
ture to create hybrid materials with reduced POM solubility. This
not only minimizes leaching but also allows for fine-tuning inter-
molecular interactions with carbon supports,[15] enhancing both
stability and electrochemical performance.[16–19] Researchers have
explored the use of typical ionic liquid cations as effective modi-
fiers, offering a potential solution to enhance the stability of POM-
based electrode materials due to the unique combination of low
volatility and high ionic conductivity in ionic liquids.[20–24]

The potential of this approach is exemplified by recent
advancements. For instance, aqueous supercapacitors based
on [SiW12O40]4� polyoxometalate and imidazolium cations exhibit
a stable specific capacitance of 172 F g�1 over 1100 cycles.[25]

Other works focus on the use of ammonium cations to enhance
POM-carbon interactions. In this regard, the group of Gómez–
Romero[26] reported the excellent stability up to 10 000 cycles
of [PW12O40]3� polyoxometalate with tetraethylammonium
cations on activated carbon. Pakulski et al.[27] studied a hybrid
material integrating [Mo132] POM anions and dodecyltrimethy-
lammonium cations on graphene, demonstrating prolonged sta-
bility over 5000 cycles. More recently, Mu et al.[28] fabricated
flexible supercapacitors using polyoxometalate-based materials
as efficient electrodes by combining them with cationic amino
acids, which enhanced adhesion and electron transfer with
various carbon supports.

However, there is still a lack of studies identifying the optimal
cation characteristics for maximizing performance, which limits
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the optimization of POM-based materials for electrochemical
applications. Two key parameters that define a suitable organic
cation are the functional group responsible for the positive
charge and the surrounding alkyl chains. These structural features
influence the hydrophobicity of the resulting compound, directly
affecting the stability of the electrode material. However, it
should be noted that excessive hydrophobicity can lead to
low specific capacitance due to poor wettability and hindered
charge transfer.[29,30] This trade-off underscores the importance
of carefully selecting molecular structures that balance stability
and electrochemical efficiency.

Our study aims to clarify this relationship to facilitate the
informed selection of organic counter cations that maintain
optimal electrochemical performance in electrode films. To
achieve this, we selected the traditional Keggin-type polyoxo-
tungstate of formula [PW12O40]3� (POM) as the active redox anion
and combined it with a variety of organic cations commonly used
in ionic liquids, featuring different functionalities and alkyl chain
lengths: tetrabutylammonium (C4A), dodecyltrimethylammonium
(C12A), 1-butyl-3-methylimidazolium (C4Im), 1-dodecyl-3-
methylimidazolium (C12Im), 1-butyl-4-methylpyridinium (C4Py),
and 1-dodecylpyridinium (C12Py). The hydrophobicity of these
cations increases in the order ammonium< imidazolium< pyridi-
nium,[31] and with increasing alkyl chain length,[32] influencing
structural assembly and electrochemical properties.

2. Results and Discussion

Scheme 1 represents the structure of all the chosen cations and
their abbreviated names based on their main alkyl chain (i.e., C4
or C12) and family (i.e., A, Im, or Py). The compounds were
obtained by metathesis in aqueous solution with the expected
stoichiometric formula [cation]3[PW12O40] (see Supporting
Information for details), as confirmed by elemental analysis of
C, H, and N (Table S1, Supporting Information), indicating no
residual precursors are present in the final powders. The samples
are labeled as cation-POM for short from now on.

After metathesis, the POM structure remains intact, as con-
firmed by infrared (IR) and Raman spectroscopies (Figure S1
and S2, Supporting Information). The presence of the IR bands
located at 1078, 972, and 890 y 810 cm�1 correspond to oxygen
bonds to: i) a phosphorus atom (P─Oa), ii) a terminal tungsten
bond (W─Od), iii) a bridging bond between tungsten atoms

sharing corner (W─Ob─W), and iv) a bridging bond between
tungsten atoms sharing edge (W─Oc─W), respectively.[33,34] The
most characteristic band of the POM in Raman is located at
1005 cm�1 and corresponds to W─Od bond. Other polyoxometa-
late bands are located at lower Raman shifts: 995–975 cm�1 for
W─Od and P─Oa bonds, 915 cm�1 for W─Ob─W bond, 520 cm�1

for W─Oc─W bond, and 215 cm�1 for W─Oa bond.[35] Organic
cations are identified by IR and Raman bands located between
3500 and 1300 cm�1, corresponding to the carbon bonds of
the cations.[36] Detailed information can be found in Table S2
and Table S3, Supporting Information.

However, a comparison between the powder X-ray diffraction
(PXRD) patterns of the synthesized compounds and the precursor
H3PW12O40 (Figure S3, Supporting Information) shows that the
organic cations strongly influence their secondary structure.
Characteristic peaks at 2θ= 10.3°, 25.4°, and 34.6° completely dis-
appear in the new hybrids, while intense peaks at low angles
(2θ= 2°–9°) are clearly observed, indicating that the interplanar
distance in the structure increases considerably with the incorpo-
ration of organic cations (summarized data in Table S4,
Supporting Information).[34,37]

Thermal stability of the obtained cation-POM hybrid materi-
als was evaluated by thermogravimetric analysis under inert
atmosphere (Figure S4, Supporting Information). No weight loss
is observed before 400 °C, at which temperature the degradation
of the organic cations occurs, with weight losses that agree with
the expected [cation]3[PW12O40] formula (Table S5, Supporting
Information). Additionally, a small weight loss (<2 %wt) is
observed in all the compounds at temperatures between 550
and 600 °C, corresponding to the decomposition of the POM
structure, yielding a final residue composed of a mixture of
tungsten and phosphorus oxides.[38]

To assess the role of organic cations in intermolecular inter-
actions, solid–solid and solid–liquid transitions were investigated
by differential scanning calorimetry (DSC). It is known that the
combination of intermolecular forces within the material (i.e.,
electrostatic interaction between cations and anions, van der
Waals attractions between alkyl chains, and π–π interactions in
the presence of aromatic groups) is responsible for the different
melting and crystallization temperatures (Tm and Tc, respectively).
Moreover, structures with long side chains commonly exhibit
solid-phase transitions before melting due to their high flexibility.
First, a DSC cycle was performed at lower temperatures to identify
solid–solid transitions. As can be observed in Figure S5,

Scheme 1. Molecular structures of the six organic cations that are used to form the cation-POM compounds, indicating the solubility order in water of the
different families and alkyl chain lengths, along with polyhedral representation of the Keggin-type POM.
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Supporting Information, compounds with short chains undergo
no structural changes in the solid state, in contrast to those with
long chains. In particular, C12Im-POM (Figure S5d, Supporting
Information) and C12Py-POM (Figure 1a) show a significant
endothermic process at 145–155 °C, labeled as “s–h”, along with
a small exothermic process below 100 °C (“s–c”), which likely cor-
responds to an incomplete reordering of the chains.[39] In con-
trast, the sample C12A-POM shows several small endothermic
peaks up to 213 °C, suggesting that the initial structure is already
highly disordered. Additionally, the absence of exothermic pro-
cesses demonstrates the irreversibility of the structural transition.
Transition temperatures and enthalpies are summarized in
Table S6, Supporting Information. PXRD analysis of the materials
with long cations after this heating–cooling cycle revealed differ-
ent behaviors. First, the C12A-POM result (Figure S6a, Supporting
Information) shows the appearance of new intense peaks at low
2θ angles (<5°), which agrees with the irreversibility observed in
the DSC curve. Meanwhile, the C12Im-POM (Figure S6b,
Supporting Information) exhibits almost no change in the XRD
pattern, except for a small shift of 0.02° to lower 2θ angles, indi-
cating a highly reversible transition. In contrast, C12Py-POM
peaks (Figure 1b) present a significant shift of 0.15° to higher
2θ angles, suggesting a decreased separation between chains
after solid phase transition. IR and Raman spectra were acquired
to confirm that the heating process only affects the secondary
structure of the materials and not their molecular integrity
(Figure S7, Supporting Information).

To reach the melting transition of the compounds, another
DSC experiment was performed in a higher temperature region
for two consecutive cycles, with the second one depicted in
Figure S8, Supporting Information and Figure 1c. Both Tm and

Tc are higher for cations with long alkyl chains due to the
increased interaction between chains. However, note that the
aromatic ring in C4Py-POM sample creates very strong interac-
tions, resulting in high Tm and Tc despite its short alkyl chain,
and the highest enthalpies (ΔHm and ΔHc) among all samples
(Table S7, Supporting Information).

The electrochemical properties of the materials were evalu-
ated on glassy carbon (GC) electrodes in a three-electrode setup
using 1 M H2SO4 aqueous electrolyte. Nyquist plots (Figure S9a,
Supporting Information), obtained by electrochemical imped-
ance spectroscopy (EIS), show a relationship between the
charge-transfer resistance (Rct), based on the diameter of the
semicircles, and the length of the alkyl chain of the cations.
Data were fitted to the standard Randles circuit (Figure S9b,
Supporting Information), and the extracted values are summa-
rized in Table S8, Supporting Information. Longer alkyl chains
lead to higher Rct, indicating decreased electrode wettability
and hindered ionic mobility. In fact, a more pronounced capaci-
tive contribution is observed in the low-frequency region for
short-chain cations, as deduced from Bode plots and C’-frequency
plots (C’ refers to the real part of the capacitance, obtained from
impedance using Equation S(1), Supporting Information) shown
in Figure S9c,d, Supporting Information, respectively.[29,40]

Due to the high resistance of the compounds, very low cur-
rents are measured in cyclic voltammetry (CV), as observed in
Figure S10, Supporting Information. Therefore, mixing them with
a conductive support is necessary. For this purpose, carbon black
(CB) was added to the inks prior to deposition on the electrodes
(further details on electrode preparation are provided in the
Experimental section in the Supporting Information). CB is a
widely used support material in electrochemistry due to its high

Figure 1. Thermal transitions observed in C12Py-POM as an example of the compounds with long-chain cations. a) DSC curve in the low-temperature
region (20–160 °C) showing solid–solid phase transition, indicated as s–h in the heating cycle and s–c in the cooling cycle. b) PXRD pattern of the material
before and after performing DSC up to 160 °C, zooming in the low-angle region where a shift of 0.15° to higher 2θ angles can be observed in the main
peaks. c) DSC curve in the high temperature region (120–300 °C) showing melting and crystallization processes indicated as m and c, respectively.

Chemistry—Methods 2025, 5, e202500046 (3 of 8) © 2025 The Author(s). Chemistry - Methods published by Chemistry Europe and Wiley-VCH GmbH

Chemistry—Methods
Research Article
doi.org/10.1002/cmtd.202500046

 26289725, 2025, 9, D
ow

nloaded from
 https://chem

istry-europe.onlinelibrary.w
iley.com

/doi/10.1002/cm
td.202500046 by U

ni Santiago C
om

postela, W
iley O

nline L
ibrary on [27/11/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://doi.org/10.1002/cmtd.202500046


surface area, conductivity, chemical stability, and low cost.[41]

A POM-to-CB mass ratio of 1:2 was selected, as it provided the
highest current density in preliminary CV tests (Figure S11,
Supporting Information). Figure 2a–c shows an enhanced current
and well-defined redox waves, corresponding to the characteristic
processes of Keggin POM. These consist of two one-electron trans-
fers and one two-electrons/proton transfer, labeled as I�I’, II�II’,
and III�III’, respectively (see Reactions S1–S3, Supporting
Information).[42] EIS measurements also confirm a decrease in resis-
tance compared to samples without CB (Figure S12, Supporting
Information). The half-wave potentials (E1/2) of each redox process
in the CV are summarized in Table S9, Supporting Information. As
expected, short alkyl-chain cations exhibit more positive E1/2 val-
ues, as they can stabilize additional negative charges more effec-
tively by surrounding the anion.[43] Among them, C4Py-POM
shows the most positive E1/2 values, likely due to its particularly
strong cation interaction in the crystal structure via the aromatic
ring, as discussed in DSCmeasurements. Moreover, current density
is significantly higher in samples with short-chain cations com-
pared to long-chain ones, owing to their enhanced wettability.
This effect is further demonstrated by measuring the contact angle
of a water droplet on the surface of the electrodes. Figure S13,
Supporting Information reveals a clear trend in surface wettability:
materials containing long alkyl chains exhibit pronounced hydro-
phobicity, with contact angles of 132°, 145°, and 141° for C12A-
POM, C12Im-POM, and C12Py-POM, respectively. In contrast,
materials with short-chain cations display highly hydrophilic
behavior, with water droplets spreading across the electrode sur-
face (measured contact angles of �20°).

A linear relationship between peak currents and scan rate is
observed in Figure S14, Supporting Information for all compounds,
demonstrating that all redox reactions are surface-confined.[44]

Notably, reactions I and II exhibit similar tendencies across all cat-
ions, whereas reaction III shows a stronger dependence on scan
rate for longer cations compared to shorter ones.

However, a distinct behavior was observed in samples with
long chain cations (i.e., C12A-POM, C12Im-POM, and C12Py-
POM). Initially, their CV curves displayed very low current densi-
ties, which gradually increased with successive cycles, as shown
in Figures 2d–f. This suggests that, due to the strong hydropho-
bicity of the cations, the clusters are initially highly aggregated,
limiting the accessible surface area for charge transfer. With con-
tinued charge–discharge cycling, the flexible alkyl chains allow
for rearrangement in response to anion movement, resulting
in an activated material with improved contact between the elec-
trode surface and the electrolyte, thereby increasing the current.
The degree of cation hydrophobicity influences the number of
cycles required for activation, following the trend: C12A-POM
(20 scans)< C12Im-POM (110 scans)< C12Py-POM (600 scans).
EIS measurements further confirm this activation, showing a
reduced Rct, indicated by a steeper slope in Nyquist plots
(Figure S15, Supporting Information). In contrast, shorter cations
do not exhibit this rearrangement process due to their limited
flexibility and stronger ion-pairing with anions.

Thus, this activation seems to be favored by the presence of
long alkyl chains, which were also responsible for solid-phase
transitions observed in DSC measurements. To prove that the
electrochemical activation is driven by a molecular reordering
process similar to that observed in thermal studies, PXRD was per-
formed on the surface of the electrode containing C12Py-POM
mixed with CB (as a representative long-chain cation material)
after CV cycling. As observed in Figure S16, Supporting
Information, the material on the electrode shows the same 2θ
shift as that observed after heating at 160 °C.

Figure 2. a–c) Cyclic voltammograms of all the compounds, compared by cation family, highlighting the characteristic redox processes. d–f ) CV activation
of the materials with long alkyl chain cations, showing the number of CV cycles and the percentage increase in the CV areas.
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To further confirm this hypothesis and investigate the distri-
bution of the molecules on the electrode surface, scanning elec-
tron microscopy-energy-dispersive X-ray (SEM-EDX) mapping
was conducted before and after the activation process for the
C12Py-POM sample mixed with CB. The results were compared
with a sample containing short cations (C4Py-POM). At first
glance, it is evident that long-chain cations enhance the coverage
of the GC electrode surface by CB due to stronger hydrophobic
interactions. In contrast, short cations exhibit lower affinity with
carbon, resulting in localized material deposition in a single area
(Figures S17a,b vs Figures S17d,e, Supporting Information).
Zoomed-in SEM-EDX mapping of these regions confirms signifi-
cant POM cluster aggregation in the presence of long cations
(Figure S17c, Supporting Information), with particle sizes ranging
from 6 to 50 μm, which accounts for the initial low electrochemi-
cal response discussed earlier. Conversely, the sample with
short cations shows a more homogeneous POM distribution
(Figure S17f, Supporting Information).

The electrode with C12Py-POMwas then subjected to 600 CV
activation cycles, after which the surface was analyzed by SEM.
Elemental analysis by EDX shows a low weight concentration
of W on the surface, likely due to a dilution effect caused by
the presence of H2SO4 from the electrolyte, as indicated
by the high sulphur concentration (�20 wt%) (Figure S18a,

Supporting Information). Nevertheless, tungsten mapping
(Figure S18b, Supporting Information) confirms a homogeneous
distribution without aggregates, in agreement with the observed
electrochemical activation of the material.

To evaluate the stability of all materials, CV cycling was per-
formed for 160 scans. For the long-chain cation samples, cycling
was conducted after they had reached their activated state. As
can be observed in Figure S19, Supporting Information, the cur-
rent density of materials with short cations decreases significantly
in contrast to those with longer cations. IR spectroscopy was
performed on C4Py-POM and C12Py-POM after CV cycling to
verify that the observed decrease in current density is not related
to structural degradation of the compounds (Figure S20,
Supporting Information). Moreover, the surface of the electrode
with C4Py-POM was analyzed by SEM (Figure S21a, Supporting
Information). In contrast with C12Py-POM (Figure S18a,
Supporting Information), the concentration of W on the electrode
is notably lower (0.1 wt% vs 1.3 wt%), which is also evident in the
mapping images (Figure S21b, Supporting Information). This con-
firms that the use of more hydrophilic cations leads to leaching
and degradation of the electrode film during charge/discharge
cycles due to their weaker interaction with the carbon support
and higher affinity for the aqueous electrolyte. Figure 3 summa-
rizes these findings, illustrating the different CV cycling response

Figure 3. a) Comparison of the initial CV curve of C12Py-POM with the activated curve and the final curve after 160 CV scans. Inset picture corresponds to
the contact angle measurement. b) Schematic representation of the activation process occurring in materials with long alkyl chains, including relevant SEM
images. Scale bar: 100 μm. c) Comparison of the initial CV curve of C4Py-POM with the final curve after 160 CV scans. Inset picture corresponds to contact
angle measurement. d) Schematic representation of the deactivation process of materials with short alkyl chains, including relevant SEM images. Scale bar
100 μm. In the drawings, POM in contact with the aqueous electrolyte, and able to adsorb protons, are labeled as “Accessible”. “Non-Accessible” POM refers
to POM either covered by the organic layer, which hinders its interaction with protons, or POM no longer in contact with the electrode surface.
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of long- and short-chain cations (Figure 3a,c) and providing a
schematic representation of the electrode surfaces as inferred
from electrochemical and SEM measurements (Figure 3b,d).

The areas within the CV curves at a fixed scan rate of
50mV s�1 were calculated over 160 scans to correlate them with
capacitance values and normalized to the mass of cation-POM
on the electrodes (20 μg in all cases). As can be observed in
Figure 4a, samples with short cations such as C4Im-POM and
C4Py-POM exhibit excellent capacitances, with initial values of
126.1 and 109.8 F g�1, respectively, followed by C4A-POM with
101.3 F g�1. In contrast, materials with longer alkyl chains display
lower capacitance values, which strongly correlate with the
hydrophobicity of each cation family, decreasing in the order
C12A> C12Im> C12Py. Nevertheless, the stability of the materi-
als follows the opposite trend, as previously discussed with SEM
measurements. Highly hydrophobic cations exhibit significantly
improved stability (C12Py> C12Im> C12A, all with less than
10% capacitance loss) compared to short-chain cations, which
experience capacitance losses of up to 20%.

At this point, the flexibility of the carbon chains has been
shown to drive structural rearrangement during both thermal
treatment (as evidenced by the solid phase transition in DSC
measurements) and electrochemical cycling, leading to an activa-
tion of the current response. Based on this, we hypothesized that
a similar enhancement in electrochemical performance could be
achieved by heating the POM samples prior to preparing the
electrodes.

In this experiment, the three POM materials with long cations
were first heated at 5 °C min�1 to their solid-phase transition
temperature (215 °C for C12A-POM and 160 °C for the other two).

The powders were then mixed with CB, and the electrodes were
prepared as before. As shown in Figures S22a–c, Supporting
Information and Figure 4b, although the initial CV curves still dis-
play low current, activation occurs much more rapidly (e.g.,
C12Py-POM requires only 100 cycles instead of 600), and the final
CV areas are significantly larger than those of untreated samples
(Figures S22d–f, Supporting Information and Figure 4c). To our
knowledge, this type of electrochemical activation has not been
previously reported. However, a related study by Otobe et al.[45]

described similar conductivity enhancements in crystalline
Keggin POM (PW12 and SiW12) with dodecylpyridazinium cations
(C12Pda), attributed to a solid-state structural transition occurring
between 100 and 140 °C.

Finally, these thermally treated samples were further
cycled for 160 scans, and the capacitances were calculated
as before. Comparing Figure 4a,d, the capacitance increase
is substantial, particularly for the more hydrophobic samples
(C12Im-POM and C12Py-POM), which reach initial values compa-
rable to those of the short-chain compounds. Interestingly,
although the stability after 160 CV scans is slightly lower than
that of the untreated samples, the overall performance is
greatly improved, with C12Im-POM retaining a capacitance of
115.6 F g�1.

3. Conclusion

In conclusion, our study highlights the crucial role of organic
counter cations in optimizing the electrochemical performance
of POM-based electrode materials. By using the Keggin-type

Figure 4. Comparative graphs of the capacitances of the materials with CV cycling. a) Capacitances of all the studied compounds. b) CV activation of ther-
mally treated C12Py-POM, which only requires 100 scans. c) Comparison of CV curves of C4Py-POM, C12Py-POM, and C12Py-POM after thermal and electro-
chemical activation. d) Capacitances of thermally treated materials with long cations.
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[PW12O40]3� polyoxotungstate as the active redox anion and pair-
ing it with organic cations of varying functionalities and alkyl
chain lengths, we demonstrated that cation hydrophobicity
and flexibility significantly influence the material’s structure
and electrochemical behavior. DSC results revealed a solid-phase
transition around 150 °C in compounds with long alkyl chains,
which was attributed to chain rearrangement, as suggested by
PXRD analysis. Similar solid–solid transitions have been reported
in the literature for materials combining POMs with long-chain
organic cations.[46–48] These transitions affect the layer spacing
observed in XRD patterns, depending on the nature of the hybrid
material. In particular, ionic liquid cations show increasing inter-
planar distances with rising temperature.[49] In electrochemical
tests, long-chain cations initially displayed low current densities,
which progressively increased over successive cycles as the mate-
rials became activated. This activation, facilitated by the flexible
alkyl chains, enhanced electrode–electrolyte contact and reduced
charge transfer resistance. Conversely, cations with shorter alkyl
chains showed high initial capacitances but lacked the structural
flexibility required for further activation. Interestingly, thermal
pretreatment of long-chain cation samples accelerated the acti-
vation process and enhanced capacitance. Stability tests revealed
that more hydrophobic cations exhibited greater durability, with
minimal capacitance loss over time. These findings underscore
the importance of cation hydrophobicity and flexibility in balanc-
ing electrochemical performance and stability, providing a strat-
egy for designing more efficient POM-based electrode materials.
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