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Figure S1. Comparison of the galvanostatic profiles of m-FeF3ôs discharge process at 60 ↔C (blue solid) 

and n-FeF3ôs full cycle at 25 ↔C (black dotted). Both measurements were performed using a current rate 

of C/100. We note that it is difficult to charge m-FeF3 even at the higher temperatures. Lithiation 

processes (I-IV)  associated with FeF3 are labelled on the voltage profile with the corresponding 

illustrated scheme shown in Figure 5d of the main text. Process (V), which results from the extruded 

FeF2, is omitted for clarity. Subscripts n and m respectively denote the processes for n- and m-FeF3. The 

most prominent difference in voltage profiles between these two materials lies in process II, where m-

FeF3 shows a lower and more sloping voltage. This distinct voltage profile of m-FeF3 is likely due to an 

increased overpotential associated with the nucleation and movement of the A-B phase boundary in the 

two-phase reaction in the larger particle. Process II in n-FeF3 exhibits a solid-solution behaviour, and 

this reaction does not involve such a phase boundary, in turn leading to a smaller overpotential. 

 

 

Figure S2. X-ray total scattering data of selected m-FeF3 samples showing a) (low-resolution) XRD 

patterns and b) their corresponding PDF patterns. Simulations of n-FeF2 (2 nm) and experimental data 

for carbon are also shown for comparison. The intensity reduction of the (012) reflection, peaks within 

25° - 30° 2ɗ, and the shifts of the (116) reflection are highlighted in the insets.  
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Figure S3. a) Hettotypes of ABX3 (Rσc) structure. The same colours in each structure shows equivalent 

positions with the corresponding Wyckoff letters marked, e.g. ñFeF3: Fe-bò corresponds to the FeF3 

structure in which Fe occupies the b sites. A symmetry lowering from Rσc to R3 can occur via three 

distinct intermediate structures shown in the middle. Particularly, in R3 symmetry, the sites in brown 

(a1) and yellow (a4) form a corner-shared octahedral network, the same as the FeF6-framework in the 

original FeF3 structure. ñ2ò, ñiò and ñgò stand for two-fold symmetry, inversion, and c-glide, respectively. 

(0,0, ±1/4) stands for the vector for origin shift. The projection of the structure viewed along the [001] 

zone axis, showing the 3-fold rotation axis passing through the Fe octahedra (where each Fe has their 

relative position along the c-axis and inversion centre position marked). Rotation about this axis allows 

the structure to transform into a perfect hcp anion packing. The corresponding direction of each 3-fold 

rotation required to complete this transformation is also marked. b) Aristotype (cubic perovskite) of 

ABX 3 (Rσc) structure. Note that another aristotype P63/mmc structure (hexagonal perovskite) is not 

discussed here because its transformation to Rσc corresponds to a non-executable transition involving 

changes of chemical composition that cannot be obtained via a simple structure distortion1. Symbol ñ*ò 

indicates that the structure is hypothetically constructed. Dashed lines show the unit cells. Experimental 

HRXRD pattern of the ñdis Li 0.5ò m-FeF3 sample is shown and compared with simulations of FeF3, 

Li 0.5FeF3 (trirutile), and LiFeF3 (cubic perovskite based on KFeF3). We also note the Goldsmithôs 

tolerance factor for the perovskite-related LixFeF3 is around 0.702, below what is expected for stable 

perovskites. 
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Section S1. Initial XRD refinement 

In the R3 structure, two F and six Fe atoms are located at 9b and 3a sites, respectively. In the initial 

refinement, a partial and equal Fe occupancy (33%) in all of the a sites (Fig. 1c) was chosen for a starting 

point for our refinements for both A- and B-Li xFeyF3 given the reported migration of Fe atoms3, but with 

no prior information concerning their actual positions and the extent of migration. In addition, Li atoms 

were ignored due to their small X-ray scattering power (cf. Fe) and low concentration (cf. F); the broad 

feature (at 26 - 28° 2ɗ) was treated as a scattering background whose physical nature will be explored 

later. According to the result of the refinement, the Fe occupancies of these six a sites (Ὢ , ὲ ρͯ φ, f 

for fractional occupancy) in B-Li xFeyF3 indicate an R3c symmetry, that is Ὢ  Ὢ Ḝπ ȟὪ Ὢ Ḝ

πȟὪ  Ὢ π; whereas the Ὢ  for A-Li xFeyF3 (Ὢ ḜὪ ḜὪ Ḝ Ὢ Ḝ Ὢ Ḝ Ὢ Ḝπ does not 

imply any higher-symmetry space group.  

 

 

Figure S4. Rietveld refinement of the HRXRD data (ɚ = 0.4138 ¡) from m-FeF3 samples collected at 

different states of charge. The experimental, calculated and difference patterns are shown in black 

crosses, red and blue lines, respectively. The derived contribution of each phase and its molar fraction 

are shown in Fig. 2b and their lattice parameters are shown in Fig. S5. Note that the broad features 

between 6Á ī 8Á 2ɗ seen in all the cycled samples are treated as background. 


