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Figure S1.Comparison of theajvanostatic profileof m-FeRd s
andn-FeR0 s
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CdblackdatedBoth n®&surements were performed using a current rate

of C/100. We notehat it is difficult to charge m-Fek evenat the highetemperaturesLithiation
processeql-1V) associated with FeFare labelled on the voltage profile withe corresponding
illustratedscheme shown ifrigure 5dof the main textProcess (V,)which results fronthe extruded
FeF, isomitted for clarity. Subscriptsandmrespectively denetthe processes for and mFek. The
most prominent difference in voltage profiles between these two mat&sais process Il, where-m
Fek; showsa lower and more slopingpltage Thisdistinct voltage profile of rFeRs is likely due to a
increaseverpotentiabssociated with the nucleation and movement oAtBgphase boundariy the
two-phase reaction in the larger partidRrocess Il in #ek; exhibits a soliesolution behavioyrand
this reaction does not involveich a phasboundary, in turn leading to a smaller overpotential.
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Figure S2.X-ray total scatteringlataof selected nFek samplesshowinga) (low-resolution)XRD
patternsandb) their corresponding@DF patterns Simulations oh-FeF, (2 nm) and experimental data
for carbon are also showor comparison. The intensity reduction of the (012) reflection, peaks within
25°-30° A, and the shifts of the (116) reflection are highlighted in the insets.
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Figure S3. a) Hettotypesf ABX3(Roc) structure. The same colours in each structure shows equivalent

positions

structure in which Fe occupies thesites. A symmetry lowering frorRoc to R3 can occur via three
distinct intermediate structures shown in the middle. Particuliarlig3 symmetrythe sites in brown
(a2) and yellow(as) form a cornershared octahedral network, the same as the-fr@fework in the

original Fekstructure

fnid 0 agod sfi a n doldymmetry, imersion, andglide, respectively.

(0,0, £1/4) stands for the vector for origin shift. The projectibthe structure viewedlongthe [001]
zone axisshowng the 3fold rotationaxis passing througkhe Fe octahedrawhereeachFe has their
relative position along the-axis and inversion centre position markegiptation about this axalows
the structure to transform into a perfacpanion packing. The corresponding direction of eatbl@®
rotationrequiredto complete this transformation is also markigdAristotype (cubicperovskité of
ABX3 (Roc) strudure. Note that another aristotyp&s/mmcstructure (hexagonal perovskite) is not

discussed here because its transformatidRotocorresponds to a neexecutable transition involving

changes of chemical composition that cannot be obtained via a sinoleirst distortioh Sy mb o |
indicateghatthe structure is hypothetically constructed. Dashed lines show the uniEsgksimental
HRXRD pattern ofthefi d i s IniFeRGampléis shown and comparedth simulations of Fef;
LiosFeks (trirutile), and LiFek (cubic perovskite based on KkgFWe al s o not e

tolerance factor for the perovskitelated LiFeR is around 0.7%) below what is expected for stable

perovskites.
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Section Slinitial XRD refinement

In the R3 structure, two F and six Fe aterarelocated at @ and 3 sites, respectively. In the initial
refinement, a partial and equal Fe occupancy (33%) in all efgltes (Fig. 1¢) was chosen fostarting

point for our refinements fdyoth A- andB-LiFgFsgiven the reported migration of Fe atdsut with

no prior information concerningp¢ir actual positionand the extent of migratiomn additon, Li atoms

were ignored due to their smaltrdy scattering power (cf. Fe) and low concentration (cf. F); the broad
feature (at 26 28° ) was treated as a scattering background whose physical nature will be explored
later. According to the result tfe refinement, the Fe occupancies of thesasites (Q ,&¢ ¢ o,f

for fractional occupancy) iB-Li.FgFs indicate anR3c symmetry, that i) "Q EmAQ "Q E

miQ Q7T whereas th&Q for A-LixFgFs (Q E'Q E'Q E "Q E "Q E "Q E 1t does not

imply any highersymmetry space group.

Figure A . Ri et vel d refinement of t he-Fdh:RaANRIEs calectedaat ( o
different states of charge. The experimental, calculated and difference patterns are shown in black
crosses, red and blue linesspectively. The derived contribution of each phase and its finatdion

are shown in Fig. 2land thei lattice parameters are shown in Fi. 8lote that the broad features

bet we e n dséedin all the dycledl samples are treated as background.
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