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X-ray diffraction analysis 

 
Figure S1. Powder x-ray diffraction patterns of b-FeF3.3H2O, the hydroxyfluoride phase obtained by 
thermal decomposition of the tri-hydrate precursor at 130°C  under self-generated atmosphere (sga) and 
FeF3-xOx/2¨x/2 obtained by thermal treatment of FeF3-xOHx at 250°C overnight and 350°C for 1 hour under 
vacuum. 
 
Mössbauer spectroscopy 
 
Figure S2 shows the 57Fe Mössbauer spectra of FeF3-xOx/2¨x/2 which was reconstructed using three 
contributions: Fe(a), accounting for 34% in relative intensity, which is characterized by an isomer shift 
of 0.46 mm/s and a low quadrupolar spitting value of 0.15 mm/s, which was ascribed to Fe3+ ions in 
regular FeF6 octahedra, Fe(b) which is described by an isomer shift of 0.38 mm/s and a quadrupole 
splitting distribution that is associated to Fe3+ ions located in distorted FeF6-x(OH)x octahedra, finally 
Fe(c), accounting for 28%, with an isomer shift at 0.34 mm/s and a large quadrupolar splitting distribution 
with an average value of 1.11 mm/s (Table S1). This last signal is due to five-fold coordinated Fe3+ ions 
and thus attests to the presence of anionic vacancies. Note that the observed differences in isomer shift 
values of Fe(a) and Fe(b) clearly evidenced a drastic change of the ionic character of the metal-ligand 
bonds through the fluorine substitution by OH- or O2- and anionic vacancies. 



 
 
 
 
 
 

 

Figure S2. 57Fe Mössbauer spectra of HTB-FeF3-xOx/2¨x/2 obtained after a post-thermal treatment. Right 
panel: Quadrupole splitting distributions. 
 
Table S1. 57Fe Mossbauer parameters obtained from the reconstruction of spectra shown in Figure S2.  
*Average value. 

 d (mm/s) DEQ (mm/s) Γ (mm/s) Area (%) Assignments Environments 

Fe(a) 0.46(1) 0.15(1) 0.30(1) 34 Six-fold coord. Fe3+ FeF6 
Fe(b) 0.38(1) 0.68* 0.30(-) 38 Six-fold coord. Fe3+ FeF6-x(OH)x 
Fe(c) 0.34(1) 1.11* 0.30(-) 28 Five-fold coord. Fe3+ FeF4O 

 

Electrochemical properties 
 
To probe the impact of the presence of anionic vacancies on the electrochemical properties, electrodes 
using FeF3-x(OH)x.nH2O and FeF3-xOx/2ox/2 as active materials were tested in lithium cells. Equal 
electrode processing (hand milling) and operating conditions (50 mA.g-1, 2.0 V–4.2 V voltage window) 
were used. The galvanostatic discharge and charge curves for the first cycle are gathered in Figure S3. In 
agreement with our previous study, the FeF3-xOx/2ox/2 electrode shows a significant improvement in terms 
of lithium insertion compared to the vacancy-free compound.1,2  The FeF3-xOx/2ox/2 electrode showed high 
reversibility, with the insertion of up to 0.7 Li+ per Fe (166 mAh/g) during the first discharge and 0.6 Li+ 
(140 mAh/g) upon charging.  



 
 
 
 

 

Figure S3. First discharge and charge curves for Li/FeF3-xOx/2�x/2 (blue) and Li/FeF3-xOHx (green) cells 
cycled under 50 mA.g-1.  
 

DFT calculations 
 
Single-vacancy dehydroxylated FeF3 
To model the formation of a single anion vacancy in a hydroxyfluorinated cell, we performed a sequence 
of DFT calculations, starting with a configuration containing two OH- substitutions: Fe12F46(OH)2 (Figure 
S4, left panel). We then removed H + OH to form a dehydroxylated cell with stoichiometry Fe12F46O1¨1, 
containing one Fe–O–Fe oxo-bridge and one anionic vacancy, Fe–¨–Fe (Figure S4, middle panel). 
Performing a geometry optimization on this dehydroxylated structure, we identified a relaxation of the F 
anions close to the vacancy, corresponding to FeF5 + FeF5O → FeF6 + FeF4O change in the Fe 
coordination environments, and forming a FeF4–O-FeF4 bipyramidal unit (Figure S4, right panel). The 
five-fold coordinated Fe3+ have square-pyramidal coordination geometries. To estimate the relaxation 
energy associated with this reorganization we performed a second geometry optimization starting from 
the original dehydroxylated structure, ensuring that the original coordination environment was preserved. 
The resulting structure, with the oxygen vacancy in the original as-formed position, was 0.40 eV higher 
in energy than the fully relaxed structure.  
 



 
 
 
 

 

Figure S4. Left panel: optimized structure of the Fe12F34(OH)2 cell. Middle to right panels: evolution of 
the structure of the Fe12F34O� cell before and after relaxation. Views are along the c-axis. Distances are 
given in Angstroms. The structure files used to generate this figure are available under CC-BY-4.0 [3]. 
 
Fe coordination environment DOS analysis 

 

 

Figure S5. PBEsol projected densities of states for the Fe d states, differentiating between Fe centres with 
FeF4O coordination (blue) and FeF6 coordination (orange). Source: source data, figure files, and plotting 
scripts are available under CC-BY-4.0 [3]. 
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