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Abstract 

 The polyanionic Na3V2(PO4)2FO2 has been successfully prepared for the first time by 

ionothermal reaction in the 1-Ethyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide 

(EMIM TFSI) ionic liquid. Its structure and elemental stoichiometry are confirmed by X-ray 

diffraction, NMR spectroscopy, and ICP-OES, respectively. Furthermore, the scanning 

electron microscopy reveals that the as-obtained material possesses an original platelet-like 

morphology. A topochemical reaction mechanism is proposed to explain the formation of the 

3D framework of Na3V2(PO4)2FO2 from the layered compound α-VOPO42H2O. 

Galvanostatic electrochemical tests indicate a modification of the desodiation and sodiation 

mechanism of the as-prepared Na3V2(PO4)2FO2 compared to those synthesized by 

conventional solid-state approaches. Furthermore, the electrochemical performance of 

Na3V2(PO4)2FO2 obtained at different cycling rates is also discussed.  

 

 

KEYWORDS: Na-ion batteries, polyanionic positive electrode materials, ionothermal 

synthesis, Na3V2(PO4)2FO2, electrochemistry, topotactic reaction 

 

* Corresponding author : J. Olchowka (Jacob.Olchowka@icmcb.cnrs.fr) 

mailto:Jacob.Olchowka@icmcb.cnrs.fr


1. Introduction 

Sodium-ion batteries (SIBs) are nowadays considered as an efficient, reliable, and eco-

friendly alternative to Lithium-ion batteries (LIBs) for large-scale electrochemical energy 

storage.
1,2

 Among the different polyanionic, layered oxides and Prussian blue analogs 

investigated as positive electrode materials for SIBs, the series of polyanionic materials 

Na3V
3+

2-yV
4+

y(PO4)2F3-yOy (0 ≤ y ≤ 2) is one of the most promising.
3–8

 They are characterized 

by a stable 3D framework built of V2O8F3-yOy bioctahedral units and PO4 tetrahedra, high 

Na
+
-extraction voltages, and high theoretical capacities associated with the reversible 

extraction and re-insertion of two Na
+
 ions per formula unit. Starting from the parental 

composition, Na3V2(PO4)2F3, the substitution of oxygen for fluorine leads to the oxidation of 

V
3+

 into V
4+

 and to the formation of highly covalent vanadyl-type bonds, {V=O}
2+

, which 

induces a progressive decrease in their operating voltage.
9
 Furthermore, oxygen substitution 

also enhances the Na
+
 diffusivity within the diffusion channels and stabilizes the structure, 

especially at the overcharged states,
9–11

 making these oxygen-substituted compositions 

interesting for practical applications.
4,8

 In recent years, several synthetic approaches such as 

sol-gel,
12,13

 solvothermal,
14–18

 ball-milling,
19,20

 spark plasma sintering,
21

 and spray drying
22

 

have been developed to optimize the carbon-coating layer, the morphology, and the particle 

size of Na3V
3+

2-yV
4+

y(PO4)2F3-yOy. The as-obtained materials crystallize in the form of hollow 

microspheres, nano or microcubes, spherical nanoparticles, 3D array, or nano-flower 

morphologies, which often exhibit outstanding performance at high cycling rates due to an 

enhanced electrode-electrolyte interface allowing a better ionic diffusion process.
14,17,23,24

 

These achievements highlight the importance of structural engineering and a need to develop 

new synthesis approaches. 

 

Ionic liquids (IL) are ideal solvents, widely used to synthesize shape-controlled inorganic or 

hybrid organic-inorganic materials.
25–28

 In a chemical reaction, they can serve as a template, a 

structure-directing agent, or even a reactant. For instance, tetrafluoroborate (BF4

-
) or 

hexafluorophosphate (PF6

-
)-based ionic liquids can be employed as a solvent but also as a 

fluoride source for the synthesis of fluoride-containing materials, which can thus avoid the 

use of the harmful hydrofluoric acid (HF).
29–31

 Furthermore, the use of ionic liquids has led to 

the development of the ionothermal synthesis approach, which then holds an essential role in 

the preparation of new electrode materials for Li and Na-ion batteries, as highlighted in the 

pioneering work of Recham et al.
32,33

 For example, the Tavorite and Triplite fluoro-sulfates 



LiMSO4F (M = Fe, Mn, Co, Ni) were identified as promising high-voltage materials for LIBs. 

However, being sensitive to air moisture and because sulfate precursors decompose at high 

temperature, conventional synthesis methods are not well adapted contrary to ionothermal 

synthesis approach for which IL medium prevents from air exposure.
34,35

 Moreover, the 

nature of the anionic part and the length of the alkyl chain on the cationic counterpart of the 

ionic liquid used in the ionothermal synthesis can significantly influence the morphology of 

the as-obtained products.
32

 A surface functionalization involving the grafting of ionic liquid 

molecules on the materials’surface can also occur during the synthesis step, which can later 

protect the electrode materials from moisture oxidation, and enhance their electrochemical 

performance upon cycling by improving their ionic transport properties.
36–39

  

 

In this work, we will investigate the possible use of the ionothermal approach to synthesize 

the polyanionic compound Na3V2(PO4)2FO2 (NVPFO2) with an original morphology. The 

influence of this peculiar morphology on the electrochemical performance of the as-obtained 

material will also be studied in detail. 

 

2. Experimental Section 

 

2.1. Materials preparation 

 

The α-VOPO42H2O precursor was obtained by refluxing a mixture of V2O5 (Sigma Aldrich, 

99.6%) and H3PO4 (Alfa Aesar, 80%), four times in molar excess, in water for 24h. A yellow-

green product was obtained, cooled down to room temperature, filtered under vacuum, and 

washed several times with acetone. The recorded X-ray diffraction (XRD) pattern confirms a 

successful synthesis of α-VOPO42H2O (Figure S1). For the ionothermal synthesis of 

Na3V2(PO4)2FO2, a mixture containing NaF and α-VOPO42H2O in a 3/2 molar ratio was first 

introduced in a 45 mL Teflon Parr autoclave, followed by 5 mL of 1-ethyl-3-

methylimidazolium bis(trifluoromethylsulfonyl)imide (EMI-TFSI). The mixture was stirred 

for 1h at room temperature and then placed in a furnace at 220 °C for 16h. A greenish 

polycrystalline powder was recovered by centrifugation, washed several times with water and 

ethanol, and dried overnight at 80 °C. Additionally, a reference sample of Na3V2(PO4)2FO2 

was obtained by a solid-state reaction, as described earlier in Ref 
9
. 

 

 



 

2.2 Characterization techniques 

 

X-ray diffraction (XRD) measurements were carried out using a PANalytical Empyrean 

diffractometer in θ-θ configuration, equipped with a Cu K1,2 X-ray source. The acquisition 

was performed in the 2θ angular range of 10° – 80° with a step size of 0.0167°. The profile 

matching was performed using the FullProf Suite. 

 

Scanning electron microscopy (SEM) images were taken on the metalized samples (Pd-

deposited) by a Hitachi Model S-4500 microscope.  

 

The chemical analysis of the Na, P, and V contents was performed by inductively coupled 

plasma-optical emission spectroscopy (ICP-OES) using a Varian Model 720-ES spectrometer, 

after a dissolution of the powders into a concentrated hydrochloric acid (HCl) solution. 

 

Fourier transformed infrared (FT-IR) spectra were recorded using a Bruker Equinox 55 

spectrometer in the wavenumber range of 400 - 4000 cm
-1

 (mid-IR) with a resolution of 4 cm
-

1
. The samples were finely ground in a mortar with dried KBr in an approximate ratio of 3/50 

(by wt.%).  

 

31
P solid-state-Nuclear Magnetic Resonance (ss-NMR) spectra were acquired on a Bruker 

Avance III 100WB (2.35 T) spectrometer (operating at Larmor frequency of 40.6 MHz for 

31
P) equipped with a standard Bruker 2.5 mm magic-angle spinning (MAS) probe. A Hahn 

echo (π/2- π) sequence synchronized to one rotor period (MAS rate: 30 kHz) was used with a 

π/2 pulse length of 1.1 μs and a recycle delay of 0.2 s. Chemical shifts are referenced relative 

to an aqueous 85% solution of H3PO4 (δ(
31

P) = 0 ppm). 

23
Na ss-NMR spectra were acquired using a Bruker Avance III 500WB (11.7 T) spectrometer 

(operating at Larmor frequency of 132,3 MHz for 
23

Na) equipped with a conventional 2.5 mm 

MAS probe. Single-pulse experiments were performed at 30 kHz spinning rate with a short 

pulse length of 1 μs corresponding to a selective π/8 pulse. The spectral width was set to 1 

MHz and the recycle delay to D0 = 0.2 s, which was long enough to avoid T1 saturation 

effects. Chemical shifts are referenced relative to an aqueous 0.1 M solution of NaCl solution 

(δ(
23

Na) = 0 ppm).  



The electrochemical properties of the materials were tested in CR2032-type coin cells. The 

positive electrodes were prepared as a mixture containing the active material, carbon black, 

and polytetrafluoroethylene (PTFE) in the 80/10/10 ratio (by wt.%). The as-obtained mixture 

was pressed under 5 tons to form films with a thickness of ~ 200 m and then dried overnight 

at 80
o
C under vacuum. A homemade electrolyte containing a 1M solution of NaPF6 (Strem 

Chemical; 99%) in ethylene carbonate and dimethyl carbonate (EC/DMC = 1/1) with 2 wt.% 

of fluoroethylene carbonate (FEC) was used for all the electrochemical tests. The assembled 

cells were cycled in galvanostatic mode, at a C/20 cycling rate between 2.8 and 4.5 V vs. 

Na
+
/Na. The theoretical capacity being 130 mAh.g

-1
 (2 Na

+
 reversibly extracted), the rate 

C/20 corresponds to the exchange of 2 Na
+
 in 20 hours. The electrodes have a typical active 

mass loading around 10 mg.cm
-2

. 

 

3. Results and discussions 

3.1. Structural, morphological and spectroscopic characterization 

The recorded XRD pattern shows that the material obtained from the ionothermal reaction has 

a structure similar to those of Na3V
3+

2-yV
4+

y(PO4)2F3-yOy (Figure 1). In this material family, 

the c parameter of the phases decreases linearly from 10.74666(6) to 10.6056(1) Å when 

moving from Na3V2(PO4)2F3 to Na3V2(PO4)2FO2.
9
 This evolution is characterized by a 

progressive substitution of the long V-F bonds (dV−F= 1.981(2) Å) by short vanadyl bonds 

(dV=O= 1.620(1) Å) along the c-direction. The diffraction peaks observed for the material 

obtained in ionothermal conditions can be indexed using an “average” unit cell described in 

the P42/mnm space group with a = b = 8.993(1) Å and c = 10.623(1) Å, in good agreement 

with the cell parmaters of Na3V2(PO4)2FO2 obtained using laboratory X-ray diffractometer ( c 

=10.622(5)).
9
 The actual structure of Na3V2(PO4)2FO2 is described in the P21/m space group 

with a modulation vector to take into account the long-range Na
+
 ordering; nonetheless, the 

corresponding superstructure lines can only be observed with synchrotron XRD. Due to the 

limit of the instrumental resolution of the laboratory X-ray diffractometers used in this study, 

the “average” Na3V2(PO4)2FO2 structure was described in the P42/mnm space group. Besides 

Na3V2(PO4)2FO2, a small amount of Na0.5VOPO42H2O impurity was also detected (Figures 1 

and S2).
40,41

 Comparing to the XRD pattern of NVPFO2 obtained from the solid-state 

approach (NVPFO2-ss, figure S2), the NVPFO2 powder synthesized from the ionothermal 

route shows a preferential orientation of the (002) plane, as indicated by the very intense 



diffraction line at ~16.8° (Figure S2). Furthermore, the elemental chemical analysis 

determined by ICP-OES reveals a Na/V/P ratio of 2.75/2/2, and would thus indicate the 

presence of Na0.5VOPO42H2O by ~12 mol.%. Attempts to obtain a pure material by varying 

the reaction time remained unsuccessful. 

 

 

Figure 1: Profile matching of the XRD data recorded for NVPFO2 synthesized from ionothermal 

approach. The green and beige ticks indicate the diffraction peaks of Na3V2(PO4)2FO2 and 

Na0.5VOPO42H2O, respectively. The inset highlights the high intensity of the (002) diffraction peak 

and thus indicates the preferential orientation of the particles within the (ab) crystallographic planes 

(perpendicular to the [002] axis). 



 

Figure 2. SEM images of the -VOPO42H2O precursor (a-b) and NVPFO2 obtained in ionothermal 

conditions (c-d). 

In order to get more insight into the origin of this preferential orientation, SEM images were 

taken to compare the morphology of the α-VOPO42H2O precursor and that of the as-prepared 

Na3V2(PO4)2FO2 (Figure 2). Both compounds are characterized by a platelet-like 

morphology. The platelets observed for α-VOPO42H2O are polydispersed, with their size 

ranging from several hundred nanometers to ten micrometers in length (Figure 2a), and 100-

200 nm in thickness (Figure 2b). The platelets observed for NVPFO2 appear to be also 

polydispersed, and the size of their primary particles is similar to those of α-VOPO42H2O 

(Figure 2c); however, they seem to be thicker with etched edges (Figure 2d). Based on these 

XRD and SEM data, it can be deduced that NVPFO2 obtained by ionothermal synthesis is 

composed of several platelets and the plane of each platelet corresponding to the (ab) 

crystallographic plane of NVPFO2, which explains the intense (002) reflection (Figure 1). 

This particular platelet morphology is entirely different from that of NVPFO2 obtained by 

solid-state synthesis, which has no particular shape (Figure S3). It is also interesting to note 



that the Na
+
 diffusion channels of Na3V2(PO4)2FO2 are also situated in this (ab) plane, as 

described in Figure 4b.  

 

 

Figure 3. a) 
31

P ss-NMR spectrum of NVPFO2-iono recorded at B0 = 2.35 T with MAS frequency = 30 

kHz. The asterisks indicate the spinning sidebands b) 
23

Na ss-NMR spectrum of NVPFO2-iono 

collected at B0 = 11.7 T with MAS frequency = 30 kHz. c) Comparison of the IR spectra recorded 

between 400 and 4000 cm
-1

 for NVPFO2 samples obtained by the ionothermal approach (blue) and by 

a solid-state reaction at high temperature (red). 

 

The 
31

P ss-NMR spectrum recorded for NVPFO2 obtained from the ionothermal approach 

shows an intense diamagnetic signal with an isotropic shift (δiso) located at ~25 ppm and 

attributed to the P(OV
4+

)4 local environment (Figure 3a).
12,42

 The absence of paramagnetic 

resonances at ~1500 ppm, 3000 ppm, 4500 ppm, or 6000 ppm excludes the presence of any 

trivalent vanadium and thus supports the Na3V
4+

2(PO4)2FO2 formula.
42

 The 
31

P ss-NMR 

signal also shows a minor contribution at 85 ppm, which could be assigned to 
31

P nuclei in 



Na0.5VOPO42H2O. The 
23

Na ss-NMR spectrum of NVPFO2-iono exhibits a broad signal 

located at 77 ppm corresponding to the Na(OV
4+

)2 environment, as expected for NVPFO2 

(Figure 3b).
4,42

 Once again, the absence of the signals at higher isotropic shifts excludes the 

presence of any V
3+

 in this phase.
4,42–44 

 

A comparison of the IR spectra of NVPFO2 powder obtained by a solid-state reaction at high 

temperature and by ionothermal reaction is given in Figure 3c. Both IR spectra show 

vibrational bands at 925 cm
-1

 (with an overtone at 1850 cm
-1

) and 1080 cm
-1

, attributed to the 

stretching modes of vanadyl and phosphate groups, respectively.
45

 In the case of NVPFO2-

iono, additional bands are observed at ~3000-3200, 1350, and 1140 cm
-1

, and they are 

attributed to the respective vibrations of C─H bonds in the imidazolium ring, SO2 groups, and 

CF3 groups, which explicitly demonstrate the presence of EMI-TFSI ionic liquid on the 

material’s surface.
46,47

 The latter should be present in very low amounts and/or in the 

amorphous state as it is not detected by X-ray diffraction, which is consistent with a surface 

modification. 

 

3.2 Topochemical considerations 

 

The structure of α-VOPO42H2O is characterized by vanadyl phosphate layers separated by 

water molecules (Figure 4a). Each vanadium ion in the structure is in the V
5+

 state and is 

surrounded by six oxygen to form a distorted octahedron with four oxygens in the equatorial 

square plan belonging also to neighboring phosphate groups (dVO = ~1.90 Å). The 

coordination with one of the oxygen in the apical position along the c-axis forms a vanadyl 

bond (1.57 Å), whereas the other VO axial bond involves a water molecule. The vanadyl 

bonds in α-VOPO42H2O are pointing upward or downward alternatively along the c-

direction. There are two different kinds of water molecules in the structure: one belongs to the 

vanadium octahedra, whereas the other is a “free” water molecule locating in the interlayer 

space and creating the H-bridges either with the upper or lower phosphate oxygens (blue 

plane in Figure 4a).
48

 On the other hand, the structure of Na3V2(PO4)2FO2 is built by the 

interconnection between vanadium bi-octahedral units, O=V
4+

O4FO4V
4+

=O, linked 

together by phosphate groups to form a 3D framework (Figure 4b). Each bi-octahedron 

consists of two O=V
4+

O4F sub-octahedra sharing a common fluorine atom, and the position 

opposite to this bridging VF bond is occupied by a short and covalent vanadyl bond (1.62 

Å). The other positions in the sub-octahedron are occupied by four oxygen atoms (dVO = ~2.0 



Å), forming a square plane.
9
 The relatively mobile sodium ions are localized in the channels 

in the crystallographic planes at z = 0 and ½ . 

 

 

Figure 4. Crystal structure representation of a) -VOPO42H2O and b) Na3V2(PO4)2FO2. VO6 or 

VO5F octahedra and PO4 tetrahedra are depicted as green and yellow polyhedra, respectively. Blue 

spheres correspond to water molecules, and the light blue plan highlights the position of “free” water 

molecules in between the vanadyl phosphate layers. Na ions are represented as brownish spheres. 

 

Despite a difference in their dimensionality, α-VOPO42H2O (2D) and Na3V2(PO4)2FO2 (3D) 

present similar building blocks with an alternate sequence of phosphate and vanadyl 

polyhedra in the (ab) plane as described in Figure 5 and we, therefore, propose that 

Na3V2(PO4)2FO2 obtained in ionothermal conditions can be synthesized from α-VOPO42H2O 

via a topochemical reaction. Upon increasing temperature, the dehydration process, which 

probably starts with the water molecules in the interlayer space of α-VOPO42H2O (Figure 

S4), will destabilize the interaction between the vanadyl phosphate layers, and thus promote 

the insertion of Na
+
 and F

-
 ions into the structure. During this process, F

-
 anions will replace 

the water molecules involved in the vanadium octahedral coordination sphere while charge 

compensation occurs through the inclusion of Na
+
. Such a topochemical reaction was also 

observed for the ionothermal synthesis of LiFeSO4F, starting from FeSO4H2O.
34

 During the 



reaction between α-VOPO42H2O and NaF, V
5+

 ions are most likely reduced into V
4+

 by the 

imidazolium cation of the EMI-TFSI molecule at moderated temperature, and this reduction 

process further promotes the Na
+
 uptake into the structure.

49
 During the topotactic reaction, 

the gliding of vanadyl phosphate layers in the (ab) plane occurs simultaneously with a cross-

linking process through the formation of covalent VF bonds, leading to the generation of 

O=V
4+

O4FO4V
4+

=O bi-octahedral units, and thus of a stable 3D framework (Figure 6). 

Furthermore, the dehydrated water molecules from α-VOPO42H2O can partially hydrolyze 

the unreacted F
-
 ions to form hydrofluoric acid (HF). This acid is corrosive and can attack the 

newly formed Na3V2(PO4)FO2, which results in the etched platelets (Figure 2d). The 

anisotropy of line broadening that appears for  Na3V2(PO4)FO2 (especially for (002) 

reflection, Figure 1), whereas it is absent for the precursor, further supports the topochemical 

mechanism and could be due to a micro-stress/strain occurring during the stacking of VOPO4. 

 

 

Figure 5. Structural projection in the (ab) plane of a) α-VOPO42H2O and b) Na3V2(PO4)2FO2. 

For α-VOPO42H2O, PO4 and O=VO4─O groups are depicted as yellow and green polyhedra, 

respectively. Oxygen anions that belong to water molecules are represented in blue. For 

Na3V2(PO4)2FO2, PO4 and O=VO4F groups are depicted as yellow and green polyhedra, respectively. 

Na
+
 ions are represented by brownish spheres. 

 

 



 

Figure 6. Representation of a possible topochemical formation mechanism starting from 2D -

VOPO42H2O and NaF, leading to 3D Na3V2(PO4)FO2. 

 

3.3 Electrochemical properties 

 

Figure 7a shows the two first galvanostatic charge/discharge cycles of a Na//NVPFO2 half-

cell operating at C/20 in the potential range 2.5 – 4.5 V vs. Na/Na
+
. The voltage-composition 

profile of NVPFO2-iono is characterized by two reversible “pseudo-plateaus” at around 3.6 V 

and 4.0 V vs Na
+
/Na, which are typical of sodium vanadium oxyfluorophosphate 

materials.
9,14,16

 In the case of Na3V2(PO4)2FO2, the electrochemical reaction is associated with 

the activation of {V=O}
3+

/{V=O}
2+

 redox couple, which is also written as V
5+

/V
4+

.
6,9

  

 



 

Figure 7. a) Charge/discharge profiles of a Na//Na3V2(PO4)2FO2-iono half-cell operating at C/20 in 

the potential range 2.5–4.5 V vs Na/Na
+
. b) Galvanostatic charge-discharge profiles and specific 

capacity obtained at different cycling rates. c) Comparison between the 2
nd

 cycle of Na//NVPFO2-iono 

(blue curve) and Na//NVPFO2-ss (red curve) in half-cells operating at C/20. The inset represents an 

enlargement around the potential jump, between the two “pseudo plateaus”. d) First derivative curves 

of the electrochemical plots given in c). 

 

 

In the first charge-discharge cycle, the discharge capacity is slightly greater than the charge 

one (Figure 7a and S5) because of the extra capacity provided by the Na0.5VOPO42H2O 

impurity, which represents 7% of the total capacity.
50,51

 Figure 7c compares the second 

galvanostatic cycle of NVPFO2 obtained by the ionothermal approach (NVPFO2-iono in blue) 

and by solid-state synthesis (NVPFO2-ss in red), performed at C/20 vs Na metal. Although the 

materials are not carbon-coated, both exhibit very low polarization indicating a good diffusion 

process of Na
+
 ions within the materials and the electrodes. However, the transition between 

the two “pseudo-plateaus” is much smoother for NVPFO2-iono than for NVPFO2-ss (Inset in 

Figure 7c), in good agreement with more sloping electrochemical profiles (broader peaks 

observed on the corresponding derivative curves (Figure 7d)) for the NVPFO2-iono material. 

This peculiar electrochemical profile, observed for NVPFO2-iono, suggests that Na
+
 

deintercalation occurs through a solid solution mechanism when the material is obtained as 

platelets, whereas successive biphasic reactions occurs for NVPFO2-ss. Some recent studies 

have demonstrated that the electrochemical mechanisms of Na3V2(PO4)2FO2 can be 



modulated by partial cationic and/or anionic substitutions of V by Al/Fe or O by F; however, 

changes in the morphology of Na3V2(PO4)2FO2 could also have an impact as observed in this 

study.
9,12,52

 Concerning the energy storage performances, NVPFO2-iono exhibits a high 

specific capacity of 110 mAh.g
-1

 at C/20 and excellent capacity retention at moderated current 

densities (107 mAh.g
-1

 at C/5 and 88 mAh.g
-1

 at C/2), which are better than those obtained for 

NVPFO2-ss (Figure 7b and S6), and even better or comparable to those of non-coated 

Na3V
3+

2-yV
4+

y(PO4)2F3-yOy materials reported in the literature (Table S1).
20,21,53–59

 Two 

phenomena could promote this good capacity retention. First, the platelet morphology, 

corresponding to the (ab) crystallographic plane of Na3V2(PO4)2FO2, is probably favoring fast 

Na
+
 diffusion in the channels localized in the same plane. Then, the presence of conductive 

ionic liquid on the surface of NVPFO2, as highlighted by IR, could also improve sodium 

diffusion at high cycling rates. Indeed, better diffusion kinetics upon cycling has already been 

observed for Co(OH)2 used as positive electrode for hybrid supercapacitors when its surface 

was functionalized by ILs.
36,39

  

 

4. Conclusion 

A new experimental approach based on ionothermal synthesis is reported in this work, which 

can be used to synthesize Na3V2(PO4)2FO2 particles with a 2D morphology. This peculiar 

morphology is explained by a topochemical reaction, which involves dehydration, layer 

gliding, insertion of Na
+
 and F

-
 into the interlayer space, reduction of V

5+
 to V

4+
 compensated 

by Na
+
 intercalation, and cross-linking process through the formation of V─F bonds. The 

combination of XRD and NMR analyses excluded the presence of V
3+

 in the structure and 

validated the preparation of the V
4+

 only composition Na3V
4+

2(PO4)2FO2. This 

Na3V2(PO4)2FO2 sample with the platelet morphology obtained by ionothermal reaction 

behaves differently from that obtained by conventional solid-state reaction and suggests a 

monophasic Na
+
 insertion/extraction mechanism observed upon cycling, whereas a biphasic 

mechanism was expected. This different voltage-composition profile also leads to a smoother 

potential jump between the two “pseudo-plateaus”, which is more interesting for application 

purposes. The presence of IL on the material electrode surface, the favorable orientation of 

platelets versus Na
+
 diffusion, and the one-phase reaction mechanism can improve the ionic 

diffusion and increase capacity retention at high cycling rates. Last but not least, this work 

highlights the importance of developing new synthesis approaches in order to optimize the 

structure and the performance of battery materials. 
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In this work, ionothermal synthesis leading to controlled-morphology of Na3V2(PO4)2FO2 

electrode material is developed. A topochemical mechanism is proposed to explain the 

formation of platelet-like Na3V2(PO4)2FO2 starting from layered -VOPO42H2O and the 

effect of this peculiar morphology on the electrochemical performances of the as-prepared 

material are investigated and disccused.  


