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A B S T R A C T   

Electrochemical potassium-ion insertion in high pressure /high temperature (HP/HT) β-V2O5 polymorph is 
examined for the first time. Monoclinic HP/HT β-V2O5 delivers a high reversible capacity of 120 mAh g− 1 at C/20 
rate corresponding to the K0.8V2O5 composition, at an average discharge potential of 3.2 V vs. K+/K. A good 
cycling performance is achieved over at least 175 cycles at C/5 rate at room temperature, confirming HP/HT 
β-V2O5 is an efficient host material for K+ insertion-extraction reaction. First insight into the reversibility of the 
structural changes upon potassiation is given.   

1. Introduction 

Potassium-ion batteries (KIBs) have garnered significant attention in 
the field of electrochemical energy storage. This is primarily due to the 
following key factors: the negative standard potential of K+/K couple 
(− 2.93 V vs. SHE), lower than that of Na+/Na system resulting in high 
operating potential of potassium-based cathode materials as compared 
to sodium-based alternatives, the potassium abundance in the earth’s 
crust which is nearly equivalent to that of sodium resources, and pos
sibility of the reversible (de)intercalation of K-ions into the graphite 
anode [1,2]. These advantages have contributed to the growing interest 
in exploring the potential of KIBs for practical applications in energy 
storage [3,4]. However, the large ionic radius of K+ (K+ > Na+ > Li+, 
1.38 > 1.02 > 0.76 Å in terms of ionic radius) and the large volume 
changes induced by K+ accommodation have limited practical applica
tion. Therefore, the search for suitable cathode materials remains a 
crucial challenge in unlocking the full potential of KIBs. 

There is ample space available for the exploration and advancement 
of K-ion cathode materials, with a specific emphasis on layered oxides. 
The rich redox chemistry of vanadium has led to important interest in 
V2O5 owing to its high theoretical capacity for metal-ion batteries [5]. 
Variety of K-containing V-based oxides (KVO) such as electroformed 
KxV2O5 (0 < x < 0.6) obtained from α-V2O5 in 
potassiated-dimethylsulfone electrolyte at 150 ◦C [6], bilayered 
δ-K0.5V2O5 [7], K0.83V2O5 chemically synthesized by soft chemistry [8] 

and some hydrated phases such as V2O5.0.6–0⋅8H2O [9,10], 
K0.42V2O5.0⋅25H2O [11] have been reported as promising cathode ma
terials for KIBs. High specific energy and excellent cycling stability make 
also V-based polyanionic and Prussian blue analogues attractive cathode 
materials for K storage [3,12–14]. However, only a few papers have 
focused on the K-storage properties of α-V2O5 at room temperature (RT) 
in standard organic based-electrolytes. Q. Fu et al., [15] in 2021 reported 
the potassium insertion in orthorhombic nanosized α-V2O5 prepared by 
hydrothermal route. An initial potassiation/depotassiation capacity of 
200 mAhg− 1 (1.36 K+ ions) at a low potential of 1.7 V vs. K+/K was 
displayed with a rapid capacity decline reaching 54 mAhg− 1 at the 31st 
cycle. Further, using specific electrode design, crystalline α-V2O5 
nanorods@rGO [16] and amorphous α-V2O5 @CNT [17] were reported 
as host material for potassium insertion delivering capacity ranging 
between 50 and 200 mAh g− 1. However, both of these tailored ortho
rhombic α-V2O5 oxides operate at a low discharge potential of around 
1.8 V vs. K+/K. As a proof of concept, our group has recently extended 
K+ insertion to another V2O5 polymorph called γ′-V2O5 with attractive 
electrochemical features [18]. A high amount of potassium (up to 0.9 K+

mol− 1 in the 4.4 − 1.5 V voltage window) can be electrochemically 
accommodated between the puckered layers of γ′-V2O5 at a high 
discharge potential of ≈3.3 V vs. K+/K (twofold higher compared to 
α-V2O5) with a stable specific capacity of ~ 50–60 mAhg− 1. 

Looking at other V2O5 polymorphs, a few papers outline the potential 
interest of the layered high pressure/high temperature (HP/HT) β-V2O5 

* Corresponding authors. 
E-mail addresses: ankush_bhatia34@yahoo.com (A. Bhatia), rita.baddour-hadjean@cnrs.fr (R. Baddour-Hadjean).  

Contents lists available at ScienceDirect 

Electrochimica Acta 

journal homepage: www.journals.elsevier.com/electrochimica-acta 

https://doi.org/10.1016/j.electacta.2024.144311 
Received 16 February 2024; Received in revised form 14 April 2024; Accepted 22 April 2024   

mailto:ankush_bhatia34@yahoo.com
mailto:rita.baddour-hadjean@cnrs.fr
www.sciencedirect.com/science/journal/00134686
https://www.journals.elsevier.com/electrochimica-acta
https://doi.org/10.1016/j.electacta.2024.144311
https://doi.org/10.1016/j.electacta.2024.144311
https://doi.org/10.1016/j.electacta.2024.144311


Electrochimica Acta 492 (2024) 144311

2

polymorph as host lattice for electrochemical insertion reactions. In 
2007, Arroyo-de Dompablo et al. [19], showed promising Li+ insertion 
capabilities of the β-V2O5 polymorph delivering a first discharge ca
pacity of 240 mAh g− 1 near 3.2 V vs. Li+/Li, leading to β- Li1.6V2O5 with 
stable cycling behavior over at least 27 cycles in the 4 V − 1 V voltage 
range. Interestingly, Cordoba et al. [20], recently reported Na+insertion 
in β-V2O5 at a high potential of ≈ 3 V vs. Na+/Na delivering a capacity of 
132 mAh g− 1 (β-Na0.9V2O5) in the 3.6–2.0 V range. However, due to 
irreversible phase transformations not yet solved, the specific capacity 
was reported to decrease continuously in the first few cycles before 
reaching a stable value of 75 mAh g− 1 at C/10 rate. Very recently, 
Trocoli et al. [21], reported an extension of β-V2O5 insertion properties 
to the case of magnesium intercalation. Their study used a combination 
of several characterization techniques to give evidence for the structural 
changes associated with the Mg2+ (de-) intercalation. A specific capacity 
of 350 mAh g− 1 was reported on the first discharge corresponding to the 
β-Mg1.2V2O5 composition, but at a low working potential of ≈ 1.4 V vs. 
K+/K pointing a difficult magnesium accommodation probably due to 
the high charge density of Mg2+. These previous data on lithium, sodium 
and magnesium insertion in β-V2O5 motivated us to explore for the first 
time the electrochemical potassium intercalation characteristics in this 
high pressure V2O5 polymorph. 

2. Material and methods 

β-V2O5 was prepared according to the protocol described by Arroyo- 
De Dompablo et al. [22,23] by subjecting commercial (Aldrich) α-V2O5 
at a high pressure of 4 GPa and at temperature of 800 ◦C in a Conac 
press. After the pressure and temperature were applied for 0.5 h, the 
vessel was quenched to RT while the pressure was slowly released. The 
morphology and elemental composition of the obtained black-reddish 
powder were characterized by scanning electron microscopy (SEM), 
(Zeiss, Merlin-type microscope) and electron dispersive X- ray spec
troscopy (EDS) analysis together with SEM using an accelerating voltage 
of 10 − 15 kV. 

Crystal structures were determined using X-ray diffraction (XRD) as 
well as Raman spectroscopy. XRD experiments were performed using a 
Panalytical XPert pro apparatus equipped with a X’Celerator detector 
and using Co Kα radiation (λKα = 1.789 Å). All the diffraction patterns 
were collected with a 2θ step of 0.0167◦ A He:Ne laser (632.8 nm) was 
used as the excitation source to record the Raman spectra with a LaB
RAM HR 800 (Jobin-Yvon-Horiba). 

Without any further cathode optimization, 80 wt.% of β-V2O5 pow
der was used to prepare the working electrode by mixing with 7.5 wt% 
of acetylene black, 7.5 wt.% of graphite and 5 wt.% of PTFE as binder to 
make a sheet. This sheet was cut into disc of 0.8 cm in diameter (about 6 
mg of active material). Potassium metal was used as counter and 
reference electrode. The CR2032 two electrode coin-cells were assem
bled in an argon-filled glove box. The positive electrode (sheet) is 
separated from the negative electrode (K-metal) by Whatman glass fiber 
disks soaked in 0.5 M KPF6/Ethylene carbonate (EC): Propylene car
bonate (PC) 1:1 2% vol. Fluoroethylene carbonate (FEC) electrolyte. 
Electrochemical tests were carried out at RT using a VMP3 Biologic 
apparatus. The cells were electrochemically cycled at different c-rates 
(C/100–1C). 

The XRD patterns and Raman spectra of electrochemically formed 
β-KxV2O5 samples have been recorded according to the following ex situ 
procedure. After 2 h of equilibrium time, the positive electrodes were 
removed from the cell in an Ar-filled glove box, rinsed with DMC, and 
placed in appropriate airtight sample holders to be analyzed by XRD, 
using a 2θ step of 0.0167◦ and Raman spectroscopy. Raman spectra were 
recorded on 10 different spots of each electrode. Similar spectra were 
recovered for all the investigated points, whatever the electrode, indi
cating their good homogeneity. 

3. Results and discussion 

Fig. 1a illustrates the morphology of the as-synthesized powder, 
which consists of tiny platelets of a few hundred nanometers width. The 
XRD pattern (Fig. 1b) indicates that pure β-V2O5 is obtained with P21/m 
monoclinic symmetry and unit cell parameters a = 7.1016(3) Å, b =
3.5668(1) Å, c = 6.2742(3) Å and β = 90.121(3) 

◦

, in good agreement 
with the layered crystal structure proposed by V. P. Filonenko and 
Gallardo-Amores and illustrated in Fig. 1c [22–24]. 

The Raman spectrum of the as-prepared powder (Fig. 1d) exhibits a 
series of well-resolved bands assigned to a well-crystallized β-V2O5 
sample, in good agreement with that previously reported [25]. The point 
group symmetry of β-V2O5 is C2h, and therefore, the crystallographic 
sites of V, O1 and O2 atoms split into two nonequivalent positions 
distinguished by subscripts a and b in Fig. S1. The crystal structure of 
β-V2O5 is built up of [V2O5] units forming infinite chains along the y 
direction. The chains are linked by corner-sharing octahedra forming 
layers held together by relatively weak interactions and stacked along 
the x direction. Three types of V-O bonds can be identified in the units 
(Fig. S1) [25]: the shortest vanadyl V-O1 bonds, V-O3 bonds forming 
asymmetric V-O3-V bridges in the xz plane and V-O2 bonds forming 
V-O2-V bridges oriented along the y direction. Based on the results of 
calculations, the Raman peaks of pristine β-V2O5 have been previously 
assigned to specific vibrational modes taking into account these struc
tural data. The two sharp peaks at 1017 and 937 cm− 1 are assigned to 
the stretching modes of the shortest Va-O1a and Vb-O1b bonds, respec
tively. Then, the vibrations of the bridging O3 atoms give rise to the 
Vb-O3 and Va-O3 stretching modes observed at 739 and 583 cm− 1, 
respectively. The Raman line at 682 cm− 1 corresponds to the asym
metric vibration of O2a atoms in the Va-O2a-Vb bridge while the band at 
472 cm− 1 is attributed to the stretching of the Vb-O2a bond. Below 450 
cm− 1, several well-resolved peaks are observed, which are mostly 
assigned to complex vibrations of the V2O5 chains. 

Fig. 2a shows the cyclic voltammogram (CV) of β-V2O5 recorded in 
the 2.2 − 4.4 V vs. K+/K voltage range at a sweeping rate of 0.1 mV s− 1. 
CV curves show two broad cathodic peaks centered at ca. 3.04 V and 2.4 
V with a shoulder at 2.84 V and four anodic peaks centered at ca. 3.08 V, 
3.48 V, 3.84 V and 4.15 V. Such observations suggest the participation of 
different structural mechanisms involved during the reduction and 
oxidation processes. Noteworthy, the same coulombic charge was 
involved during reduction and oxidation, showing the high efficiency of 
the electrochemical process. It can be noticed a slight shift in the 
cathodic peak potentials (~100 mV) between cycle 1 and 2 showing an 
easier potassium insertion process induced after a first reduction- 
oxidation cycle. 

In order to get a quasi-equilibrium potential evolution vs. K 
composition in the electrode, a galvanostatic discharge-charge curve of 
β-V2O5 electrode was carried out at a low rate of C/100 (~1.5 mA g− 1) in 
the 2.2 − 4.4 V voltage range (Fig. 2b). Three well-defined insertion 
steps at 3.4 V, 3.0 V and 2.7 V are clearly evidenced. The first discharge 
plateau at 3.4 V involves a potassium uptake of 0.32 corresponding to a 
capacity of 47 mAh g− 1, and then it is followed by a sloping curve from 
3.25 V to 2.7 V with additional 0.28 inserted K+ ions (41 mAh g− 1). The 
last step observed as a flat voltage plateau at 2.7 V involves a potassium 
uptake of 0.26 K+ corresponding of a further capacity of 40 mAh g− 1. 
The total discharge capacity involved in the reduction process is ~127 
mAh g− 1, leading to a composition of K0.85V2O5 for the discharged 
product. The subsequent charge process includes 4 steps at 2.8 V, 3.5 V, 
3.9 V and 4.2 V with a total capacity of 130 mAh g− 1. This first 
discharge-charge cycle displays a coulombic efficiency of around 100 %. 
Such results indicate that different mechanisms are probably involved 
during K+ insertion and deinsertion, ensuring however a high rechar
geability. Fig. 2b clearly shows the interest provided by the structure of 
β-V2O5 as host lattice for K insertion since the redox process occurs 
between 3.48 and 2.2 V vs. K+/K, i.e. ≈ 3.28 V-2.V vs. Na+/Na, which 
corresponds to the same potential range and potential insertion steps 
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previously reported for sodium ions [20]. This result shows that the 
expected penalty due to the size effect is not observed for potassium 
accommodation, at least from a thermodynamic point of view. Inter
estingly, the size effect (or more precisely, the polarizing capability) of 
the inserted cation seems to be vital if one compares Na/K with Li. As 
reported by Gallardo el al [19], Li intercalation proceeds throughout six 
fully reversible reduction/oxidation steps in a wide voltage range (4.2–1 
V). 

Rate capability tests in the C/20 to 1C range confirm the promising 
performance of β-V2O5 electrode. The first discharge-charge cycle of the 
β-V2O5 electrode at different current densities is shown in Fig. 2c. A 
galvanostatic cycle recorded at C/20 rate reveals a discharge capacity of 
120 mAh g− 1 at an average discharge potential of 3.1 V. Table 1 shows 
the results of EDS analysis of the discharged electrodes recovered at two 
different lower cut off potential (2.6 V and 2.2 V) performed at a C/20 
rate. The K/V ratio found from EDS measurements were 0.25 (discharge 
till 2.6 V) and 0.40 (discharge till 2.2 V), which is consistent with the 
compositions of K0.54V2O5 and K0.82V2O5, respectively. A subsequent 
charge capacity of 118 mAh g− 1 was obtained with a coulombic effi
ciency of 99 %. The EDS analysis of the charged electrode gives a K/V 
ratio of 0.05 (K0.1V2O5), which is close to the potassium content calcu
lated from the faradaic yield (0.06 F mol− 1). The difference between the 
remaining amounts of K+ ions can be explained by a less efficient rinsing 
procedure for this particular experiment. A strong influence of the cur
rent density is observed in the C/20 − C/5 range, suggesting a kineti
cally hindered intercalation reaction. This is probably due to the slow 
diffusion of large sized potassium-ion (ionic radius of 1.38 Å). Indeed, a 
capacity of 120 mAh g− 1 is reached at C/20 (~8 mA g− 1), 85 mAh g− 1 at 
C/10 (~16 mA g− 1), 60–65 mAh g− 1 at C/5 (~32 mA g− 1) and C/2 (~80 
mA g− 1), respectively, with still 50 mAh g− 1 obtained at 1C (~160 mA 

g− 1). These results are very close or higher than those reported for 
sodiation with capacities of 130, 80 and 75 mAh g− 1 at respectively C/ 
20, C/10 and C/5 and only ~ 10 mAh g− 1 at 1C [20]. 

The above rate capability study confirms the attractive properties of 
β-V2O5. Regarding other K-cathode materials, β-V2O5 well competes 
with γ′-V2O5 [18] and KxMnO2/KxMn0.75Ni0.25O2 [26]. The maximum 
capacity of 120 mAh g− 1 displayed by β-V2O5 significantly exceeds that 
exhibited by some bilayered potassium bronzes like K0.5V2O5 [7] and 
K0.83V2O5 [8] and is equal to that offered by the best KVO compound, i. 
e. K0.5V2O5 [27], the latter being characterized by a better rate 
capability. 

Galvanostatic cycling experiments of β-V2O5 composite electrode 
was also performed at a C/10 rate (~16 mA g− 1) in the same 4.4 V − 2.2 
V potential window. As shown in Fig. 3a, starting from the OCV voltage 
of 3.87 V vs. K+/K, the voltage quickly falls down to ~3.22 V, then 
follows a gentle slope till 2.6 V trailing by a second plateau starting at 
2.6 V till 2.2 V. A total discharge capacity of c.a. 85 mAh g− 1 (0.58 F 
mol− 1) is then reached at 2.2 V. Upon subsequent charge of the cell, four 
steps at 2.9 V, 3.6 V, 4.0 V and 4.35 V are observed involving a total 
capacity of 71 mAh g− 1 indicating a coulombic efficiency of 84 %. A 
small amount of 0.1 K+ is probably trapped after the first charge. 
However, on the second cycle, the same discharge/charge capacities of 
85 mAh g− 1 are observed, indicating a quantitative charge process. In 
addition, potassiation of β-V2O5 seems to be easier since occurring ~100 
mV higher than in the first cycle (3.1 V vs. K+/K). Further discharge- 
charge cycles completely superimpose till 5th cycle (Fig. 3b). The 
different voltage steps in both charge and discharge become less 
marked, resulting in a reversible S-shape profile with a mid-discharge 
potential of around 3.2 V. Surprisingly, the width of the second 
plateau between 2.6 and 2.2 V gradually diminishes with the cycling and 

Fig. 1. Characterization of the as prepared β-V2O5 powder (a) SEM image; (b) X-ray diffraction pattern; (c) Schematic structural representation in the xz projection; 
(d) Raman spectrum. 
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completely disappears from the 10th cycle. This suggests that fewer 
phase transformations take place upon charge/discharge. Additional 
analysis of the structural changes is required to understand the under
lying cause for this phenomenon. 

Fig. 3c illustrates the specific discharge capacities of β-V2O5 in K cells 
as a function of the cycle number when cycled at different current 
densities. The discharge capacity decreases rapidly from 120 mAh g− 1 

from the first cycle at C/20 till 20th cycle to reach a stable capacity of 65 
mAh g− 1 at 30th cycle. Notably when cycled at C/10 rate, a stable ca
pacity of 52 mAh g− 1 is involved over 120 cycles and still 43 mAhg− 1 are 
recovered after 175 cycles at C/5 rate. At both C/2 and 1C rate, a lower 
capacity of 35 mAhg− 1 is achieved after 100 cycles. The present cycling 

data show the capacity fading mainly comes from the last step contri
bution located at 2.5 V at C/10 rate. Fig. S2 shows that by changing the 
lower cut off voltage from 2.2 V to 2.6 V (to avoid the last insertion step), 
a better cycling behaviour is obtained. Indeed, the huge capacity fading 
over the first ten cycles is suppressed. The capacity slowly decreases 
from 60 to 50 mAh g− 1 after 40 cycles and remains stable at least up to 
cycle 80. These results serve as a proof of the extraordinary structural 
stability exhibited by the β-V2O5 material upon K+ successive insertion/ 
deinsertion processes, as observed in the case of lithiation [19] but 
differently from what was reported in the case of sodiation [20]. 

For comparison, the electrochemical behavior at RT of the conven
tional micrometric sized α-V2O5 polymorph has also been investigated at 
C/10 rate in the same 4.4 V − 2.2 V potential window, using the same 
KPF6 EC: PC electrolyte (Fig. S3). The corresponding cycling behaviour 
of α-V2O5 is reported in Fig. 3c and Fig. S3. In this case, a reversible 
capacity of only 4 mAh g− 1 is reached at 2.2 V, corresponding to the 
K0.04V2O5 composition, indicating that practically no redox activity 
occurs upon potassium insertion in micrometric sized α-V2O5 poly
morph. In the case of a nanosized α-V2O5, [15] a discharge capacity of 
45 mAhg− 1 was reported at 2.2 V vs. K+/K while the major redox ac
tivity was observed at very low voltage of around 1.75 V. 

These findings support the remarkable ability of the β-V2O5 structure 
to accommodate K+ ions at a high energy level (3.2 V vs. K+/K), which is 
much higher (+1.45 V) than that observed in the case of nanosized 
α-V2O5, showing a much easier insertion process. Furthermore, a 

Fig. 2. Electrochemical performance of β-V2O5 (a) CV curves at 0.1 mV s− 1
. ; (b) First discharge-charge cycle at C/100 rate; (c) First discharge-charge cycle at different 

C-rates. 2.2–4.4 V voltage window. 0.5 M KPF6 EC: PC + 2 % FEC electrolyte. 

Table 1 
K/V ratios in different electrodes from EDS analysis and electrochemistry (EC).  

Electrode History F/ 
mol 

x in 
KxV2O5 

(EC) 

K/V 
ratio 
(EDS) 

x in KxV2O5 

(EDS) 

1st Discharge till 2.6 V (C/ 
20) 

0.54 0.54 0.25 0.5 

1st Discharge till 2.2 V (C/ 
20) 

0.82 0.82 0.40 0.80 

1st Charge till 4.4 V after d- 
2.2 V (C/20) 

0.06 0.06 0.053 0.1  
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Fig. 3. Electrochemical performance of β-V2O5 (a) First and second discharge-charge cycles at C/10 rate; (b) Discharge-charge cycles from cycle 1 to 120 at C/10 
rate; (c) Evolution of the specific capacity upon cycling at different C-rates. 2.2–4.4 V voltage window. 0.5 M KPF6 EC: PC + 2 % FEC electrolyte. 

Fig. 4. XRD patterns of the pristine electrode, after first discharge till 2.2 V leading to K0.8V2O5 composition (red), after first discharge-charge cycle (green) and after 
120 cycles (black). *: PTFE reflection. G: Graphite line. 
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twofold specific discharge capacity is reached in the same voltage range. 
The superior electrode characteristics of the β-V2O5 polymorph 
compared to the ambient pressure polymorph have been previously 
discussed [22,23]. The electrical conductivity of the electrode material 
is crucial for the kinetics of the intercalation reaction, therefore gov
erning the polarization of the positive electrode and the power rate 
capability of the lithium cell. To the best of our knowledge there are no 
reports comparatively investigating the ionic conductivity in the layered 
structures of the two polymorphs. Regarding the electronic conductiv
ity, the measured resistivities at room temperature are 10.000 Ω cm in 
α-polymorph vs. 400 Ω cm in the β-polymorph [22]. The enhanced 
electronic conductivity of HP-V2O5 with respect to that of the ambient 
pressure form is a major advantage in terms of electrochemical 
performance. 

A deep structural investigation is required for understanding the 
electrochemical properties of β-V2O5 and in particular the structural 
pathways for the phase transformations upon discharge and charge as 
well as the crucial role of the last step at 2.6 V on the cycling behaviour. 

A first insight into the structural changes occurring in β-V2O5 upon 
potassium insertion can be given by analyzing the ex-situ XRD patterns 
and Raman spectra recorded at the end of the first discharge at 2.2 V 
(corresponding to K0.8V2O5 composition), after first charge and 120th 
charge (Figs. 4 and 5, respectively). Upon the first reduction (0.8 K), a 
significant shift of the (100) diffraction peak to lower angles is observed 
(Fig. 4), which is associated with an elongation in the a axis from 7.1 to 
~ 9 Å induced by K+insertion in the interlayer space. A similar 

phenomenon was reported to take place for Mg [21] and in a larger 
extent for Na [20] insertion (a = 10.097 Å for 0.7 Na). Upon the first 
oxidation, most of the reflections of β-V2O5 are recovered with however 
the disappearance of the lowest angle (100) peak and a broadening of 
the lines suggesting some amorphization upon K+ deinsertion. This 
disordering process is all the more marked after 120 discharge-charge 
cycles but the structure of β-V2O5 seems to be retained, which account 
for the good cycling stability evidenced above. 

Raman spectroscopy experiments reveal also significant changes 
upon the first K ion insertion (first discharge, see Fig. 5). Indeed, the 
bands in the low frequency region are still visible but become weak and 
broad, suggesting a disordered character in spite of the retaining of the 
local structure of the chains when moving from β-V2O5 to K0.8V2O5. The 
high frequency band features undergo significant intensity and fre
quency variation. The 1017 cm− 1 peak assigned to the vibration of the 
terminal Va–O1a bond disappears while an intense new band appears at 
890 cm− 1 with a shoulder at 855 cm− 1. Two new components are also 
seen in the region corresponding to the vibrations of the bridging O3 
atoms at 772 and 527 cm− 1. These observations are consistent with K+

ions insertion in the interlayer space of V2O5 impacting the V-O bonding 
in the vicinity of the terminal O1a and bridging O3 atoms while O2a /O2b 
atoms vibrations located in the chains are little affected (Fig. S1). The 
important frequency shift of the Va–O1a vibration (Δν = − 130 cm− 1) 
suggests a significant lengthening of this bond upon K+ insertion. After 
the first cycle, it is remarkable to observe again the Raman fingerprint of 
the pristine material with only slight alteration in the high frequency 

Fig. 5. Raman spectra of the initial electrode, after first discharge till 2.2 V leading to K0.8V2O5 composition (red), after first discharge-charge cycle (green), after 10 
cycles (blue) and after 120 cycles (black). 
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region. This comment is also true when looking at the Raman spectra 
after 10 and 120 cycles, showing the structural reversibility at the 
atomic scale of the transformation upon several K+ insertion-deinsertion 
reactions. 

These preliminary ex-situ structural characterization reveal an 
overall reversible K+ insertion/extraction process, that leads back to the 
pristine phase. This contrasts with the irreversible potassiation process 
previously reported in the case of nanosized α-V2O5 [15]. Work is in 
progress to elucidate the detailed mechanism of K+ inter
calation/deintercalation in HP-V2O5. 

4. Conclusion 

Reversible potassium insertion into layered β-V2O5 host is reported 
here for the first time. Phase-pure β-V2O5 is synthesized by subjecting 
commercial α-V2O5 at a high pressure and temperature. Potassium ion 
intercalation properties of monoclinic type β-V2O5 structure are 
confirmed by EDS, XRD and Raman analyses. β-V2O5 polymorph shows 
reversible K+-ion deinsertion involving multiple stepwise voltage pro
files leading to a discharge capacity of 120 mAh g− 1 at C/20 rate cor
responding to the K0.8V2O5 composition at a mid-discharge potential of 
3.2 V vs. K+/K. The β-V2O5 system overpasses the parent α-V2O5 phase 
in terms of specific capacity and working voltage and competes with the 
γ’-V2O5 polymorph and the best bilayered KVO [27]. Preliminary 
cycling tests show stable capacities of 60 and 50 mAh g− 1 at C/20 and 
C/10 respectively over tens of cycles. However, further studies are 
required to understand the structural changes and the K+ diffusion 
process in β-V2O5 in order to improve its rate capability and cycling 
properties. As a result, β-V2O5 can be proposed as a suitable host ma
terial for K+-ion insertion with superior performance than the parent 
α-V2O5. This study confirms once more the richness of polymorphism in 
the V2O5 system in terms of insertion properties and electrochemical 
behavior. 
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