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Intercalation-type electrodes have now been commonly employed in today’s batteries due to their capability of 
storing and releasing lithium reversibly via topotactic transformation, conducive to small structural change, but 
they have limited interstitial sites to hold Li. In contrast, conversion electrodes feature high Li-storage capacity, but 
often undergo large structural change during (de)lithiation, resulting in cycling instability. One exception is iron 
fluoride (FeF2), a conversion-type cathode that exhibits both high capacity and high cycling stability.  Herein, we 
report a lithiation-driven topotactic transformation in a single crystal of FeF2, unveiled by in situ visualization of the 
spatial and crystallographic correlation between the parent and converted phases. Specifically, conversion in FeF2 
resembles the intercalation process but involves transport of both Li+ and Fe2+ ions within the F-anion array, 
leading to formation of Fe preferentially along specific crystallographic orientations of FeF2. Throughout the 
process, the F-anion framework is retained, creating a checkerboard-like structure, within which the volume 
change is largely compensated, thereby enabling the high cyclability in FeF2. Findings from this study, with unique 
insights into conversion reaction mechanisms, may help to pave the way for designing conversion-type electrodes 
for the next-generation lithium batteries. 

 

Conversion-based transition metal (TM) compounds, 
(TM)aXb (TM = Fe, Co, Ni, Cu; X = O, S, F, P, N), particularly 
oxides (e.g., Fe3O4, CoO, NiO) and fluorides (FeF2, FeF3, 
CuFeF2) – have recently received enormous attention for use 
in lithium batteries because of their extremely high specific 
capacity (500–1000 mAh/g), 3–4 times greater than the 
intercalation compounds.1–6 In contrast to intercalation-based 
electrodes, which function by shuttling lithium ions between 
the tunnels of the host through a topotactic transformation 
process, with causing significant structural changes,7 
electrochemical reactions in conversion-type electrodes are 
complex, involving migration/re-ordering of the TM ions, and 
eventually the extrusion of the metallic TMs (TMn+Xy + nLi+ + 
ne- = yLin/yX + TM0; n ≥ 2), leading to significant .6,8–10 The 
converted products are spatially distributed and decoupled 

from the parent host structure, leading to inhomogeneous 
phases, e.g. metallic TM and insulating LiX and, consequently, 
capacity loss of the electrode during subsequent reconversion 
and cycling processes.11, 12 In addition, the large volume 
expansion that occurs during the conversion reaction leads to 
pulverization of the electrodes, and contributes further to the 
irreversibility of the reaction.6 The low cycling reversibility of 
conversion electrodes has thus been a major impediment to 
their commercialization.11–16  

Few conversion-based electrodes such as metal fluorides 
have shown exceptional cycling reversibility. 8,9 Notably, up to 
1000 cycles has been demonstrated in FeF2,17 which, along with 
the findings that voltage hysteresis is largely kinetic in 
nature9,12,14,18, indicates potential viability of the fluoride based 
battery systems for commercial use. High cycling reversibility 



 

 

has also been reported in some conversion oxides10 and 
displacement-type intermetallic compounds15. For instance, 
Zhang et al. observed retention of the cubic close-packed (ccp) 
O-anion framework of Fe3O4 during the electrochemical 
cycling, thereby enabling multiple lithium intercalation and 
conversion reaction.10  The electrochemical reaction in Fe3O4 
shows high similarity to that in displacement-type Li-Cu-Sb 
compounds, wherein remarkable cycling reversibility was 
observed and attributed to retaining the face-centered cubic 
(fcc) Sb structure through the conversion/reconversion 
processes.15 Results from these studies indicate that the 
retention of the original structural framework is crucial to 
achieving high reversibility of electrodes. Despite these 
observations, the exact mechanisms that lead to the structural 
retention between the parent and product phases during the 
conversion reaction are not well understood.  

Here, we present real-time observation of a conversion-
driven topotactic phase transformation in a single crystal of 
FeF2, with preferential growth of Fe phase along specific 
crystallographic orientations of the parent FeF2, using in situ 
transmission electron microscopy (TEM) techniques.9,19,20 
Topotactic-mode of phase transformation is usually observed 
at high temperatures and during the process the product 
phase evolves from the reactant parent substrate by 
maintaining structural symmetry between the two.21 Some 
other  cases where topotactic reaction mechanisms have been 
reported are oxidation-reduction of metal oxides,22–24 
dehydration reactions,21,24 polymeric phase 
transformations,24,25 nanostructured synthesis,26,27 and growth 
of thin films (EuO from the reduction of Eu2O3).28. 
Electrochemical intercalation via shuttling lithium ions 
between the tunnels of the host is another special case of 
topotactic transformation.7 However, such a conversion-
driven topotactic growth of Fe from FeF2 is totally unexpected 
because the two have a completely different structure, and the 
reaction occurs at room temperature (RT). Although extensive 
in situ studies have been performed on FeF2 (or its 
derivatives), such a conversion-driven topotactic process has 
never been reported.8,9,17,29–32 On one hand, conversion-type 
reaction is complex, involving multiphase transformations 
and local transport of cations and lithium ions within nano-
sized domains. On the other hand, powder or polycrystalline 
materials have mostly been employed in studies of these 
processes, and the random orientation of constituent 
crystallites obscures the topotactic relationships as they 
develop.8, 9 The use of single-crystalline FeF2 particles in this 
study allows tracking of the crystallographic evolution of the 
involved phases, i.e. the progression of the lithium conversion 
reaction along specific crystallographic orientations.  

For this study, plate-like FeF2 single-crystalline particles 
were synthesized by a supercritical fluid method (See 
Supporting Information, Figure S1).33 Figure 1a shows the 
bright-field TEM image of a typical FeF2 particle, which is 
oriented along the [001] crystallographic direction, as verified 
by electron diffraction (Figure 1b). The FeF2 single-crystal 
appears to have a primary growth axis along the [110] 
direction, with two small facets along (02̅0) and (2̅00), and a 
longer facet running along (1̅10). Because FeF2 is an electrical 
insulator,4 to improve the electrical conductivity, the surface 
of FeF2 particle was coated with a thin layer of carbon (See 

Supporting Information; Section I). The progression of the 
lithium reaction in FeF2 is tracked by the in situ TEM method 
with individual particles brought in point contact with the 
lithium source (See Supporting Information, Section II, Figure 
S2, and Movie M1). TEM images were recorded at a frequency 
of 5 frames per second from a local area that is approximately 
33 nm wide, and 33 nm long (as marked by red frame in Figure 
1a). Some of the sequential images extracted from Movie M1 
are shown in Fig. 1c. Upon applying the bias, the conversion 
occurs first from the surface region due to fast Li diffusion 
along the surface. Those converted Fe nanoparticles, being 
discerned by dark contrast under the bright field (BF) 
condition, form a percolating network, and so serve as the 
conducting pathway for electronic transport.34, 35 As the 
reaction proceeds further into the bulk, a well-aligned and 
repeating fringe-like pattern grows as an overlayer on the 
<110> FeF2. The Fe domains are formed periodically, as 
indicated by arrows in the images taken following 2s, 4s, 5s, 
6s, 10s, 17s and 30s of lithiation, respectively. The reaction 
front propagates gradually from surface to the bulk, layer-by-
layer (Figure 1c; as illustrated by blue arrows). 34,35  

To identify the local structural change, high-resolution 
TEM (HRTEM) images were taken in the pristine state from 
selected small area (t = 0 s; marked by a blue frame in Figure 
1a), and after full lithiation (t = 30 s; provided in Figure d and 
f respectively). The pristine FeF2 is highly crystalline, as shown 
by the fast Fourier transform (FFT; inset) of the HRTEM 
image, and its lattice is highly-ordered as seen from the 
inverse FFT image (Figure 1e; from the local area labelled by 
the dotted box in Figure 1d). Upon lithium conversion, FeF2 
turns into a network of nanoscale Fe domains, similar to what 
was observed in the previous studies on small FeF2 
nanoparticles 8,9,36 but they appear to arrange in a fringe-like 
pattern, as shown in Figure 1f. At this stage, the initial periodic 
arrangement of FeF2 is disrupted and forms a highly strained 
interconnected network of Fe nano-domains surrounded by 
random dislocations (denoted as “T”), as clearly shown in the 
inverse FFT image in Figure 1g (extracted from the dotted 
frame area in Figure 1f). The characteristic fringe-like pattern 
of newly formed Fe suggests Fe grows with preferential 
orientation with respect to the underlayer FeF2 – in this case 
along [110] direction of the parent FeF2 (as to be discussed 
below). 

To elucidate the structural correlation between Fe and 
the parent FeF2, time-resolved in situ electron diffraction 
measurements were performed (See Supporting Information, 
Section II). Figure 2a presents a time-sequence of electron 
diffraction patterns, captured from a local area on the same 
single-crystalline FeF2 particle but further away from the area 
for in situ HRTEM measurements (see also Supporting 
Information, Movie M2). The corresponding azimuthal 
projection of the diffraction patterns (x-axis=angle, y-
axis=radius) was extracted (Figure 2b) to determine all of the 
peak parameters via a precise profile analysis (intensity vs. 
diffraction) of the selected area diffraction pattern using the 
PASAD-tools software.37 

Prior to lithiation (t = 0 s), characteristic diffraction spots 
for single-crystalline FeF2 particle are observed along the [001] 
zone axis. As the lithiation progresses, four new, broad, arc-
shaped diffraction spots appear, faint initially and becoming 



 

 

stronger with time (Supporting Movie M2). By t = 8 min, the 
arc-shaped spots can be clearly seen at positions adjacent to 
the spots of {200}FeF2 (as labeled by green arrows in Figure 2a) 
and better resolved in the corresponding projected patterns in 
Figure 2b. The arc-shaped diffraction spots represent a mosaic 
of tiny Fe crystallites,24 with a four-fold symmetry (indexed to 
the {110}Fe family of planes), thus indicating a topotactic 
relationship between the converted Fe and the parent FeF2.21 
Although the coherent nature of Fe crystallites was observed 
previously,8,9 topotactic growth of Fe from the parent FeF2 is 
surprising and, indeed unexpected, considering that the two 
have a completely different structure (bcc vs. tetragonal). 
Furthermore, the topotactic conversion reaction occurs at RT 
-- starkly different from the traditional epitaxial38 or 
topotactic21,24 growth at high temperatures. It should be noted 
that the use of a single crystal is crucial to deconvoluting this 
information in this in situ study, thereby allowing us to 
observe the evolving crystallographic relationship in detail. 
The majority of the Fe that is formed (as labeled with green 
arrows; Case – I from hereafter), tends to have a strong 
orientation relationship with the parent FeF2, such that 
[001]Fe-I || [001]FeF2, [110]Fe-I || [010]FeF2 and [11̅0]Fe-I || 
[100]FeF2 (Fe-I and FeF2 represent Case-I Fe domains and FeF2, 
respectively). Interestingly, there are also additional set of arcs 
associated with Fe, as indicated by red arrows (Case – II from 
hereafter), demonstrating the presence of a second form of 
topotactic Fe growth, aligned with FeF2 by a new relationship: 
[101]Fe-II ||[001]FeF2, [010]Fe-II || [110]FeF2 and [1̅01]Fe-
II||[11̅0]FeF2. Note, [020]Fe-II is along the Li diffusion 
direction. While faint and somewhat diffuse at this stage of 
the process, they do not have a four-fold symmetry (as in Case-
I). Such a topotactic evolution of Fe over the parent FeF2 
(Cases I & II) was commonly observed in this experiment; see 
also another set of diffraction data recorded along [001] 
oriented FeF2 in Supporting Information, Figure S3. 

During further lithiation (from t = 17ˈ to 19ˈ), Fe grains 
grew with the consumption of the parent FeF2, and 
correspondingly, those arc-shaped diffraction spots became 
stronger, and the spots associated with FeF2 became weaker. 
Figure 2c shows the progression of the spot intensity for 
(11̅0)Fe and (1̅01)Fe as a function of lithiation time, in 
comparison to that of the parent (200)FeF2 spot. As 
demonstrated by the intensity profiles, the (11̅0)Fe spot, 
which represents the Case I (green arrows) orientation 
relationship, is dominant over the (1̅01)Fe, which represents 
Case II (red arrows). In both Cases I and II, there are large 
spikes in the intensities of Fe reflections at the initial state of 
lithiation. However, after 17 min, the reflection intensities for 
both cases saturate and fade in a gradual manner. The growth 
of Fe grain with lithiation introduces lattice distortion, 
yielding dislocations (Figure 1g) and coarsening of the Fe 
domains, which is likely responsible for deceleration of the 
kinetics of conversion reaction in the bulk.11,39  

The overall phase evolution during lithiation was also 
examined by obtaining the integrated intensity profiles from 
the entire diffraction patterns (full rings); see Figure 2d, e. 
Clearly, the reflections associated with the parent FeF2 are 
initially intense, and as the lithiation progresses, they become 
weaker; while the broad Fe peaks become stronger. We did 
not observe an obvious shift in the peak position of the 

(200)FeF2, indicating no lattice distortion or expansion within 
the resolution limits of the diffraction technique,9 although 
there have been speculations regarding the possibility of 
lithium intercalation during the initial lithiation.32,34,35,39 
While the (110)Fe peaks shift towards higher angles in the early 
stage, likely due to the formation of small Fe crystallites with 
slight lattice expansion, as observed previously.9 

To corroborate the in situ TEM observations, we 
performed ex situ TEM analysis on electrochemically 
discharged FeF2 via a quasi in situ TEM coin-cell technique40 
(See Supporting Information, Section III and Figure S4). A 
typical BF TEM image from a partially-discharged FeF2 
particle, and the corresponding diffraction pattern taken from 
the local area (as marked by dotted circle) are given in Figures 
3a, b. Clearly the diffraction pattern shows the similar features 
as that in the in situ measurements (Figure 2), further 
validating the in situ observation of the topotactic growth of 
Fe from the parent FeF2. Figure 3c presents the integrated 
intensities from the (11̅0)Fe (Case-I) and (1̅01)Fe (Case-II) 
reflections. The higher intensity of the (11̅0)Fe (Case-I) 
reflection indicates that this orientation relationship is more 
frequent in the sample. Figure 3d is a magnified image 
extracted from the yellow framed area of Figure 3a. There is a 
similar fringe-like pattern as found in Figures (1c, 1d). This 
pattern was interpreted to be a result of preferential formation 
of Fe along specific orientation of FeF2. The FFT of the given 
area, which is shown in the inset, is similar to the diffraction 
patterns extracted from the large area (Figure 3b). However, 
the fringe-like pattern observed in the ex situ studies is similar 
to that that observed at 30s during the in situ experiment 
(Figure 1g), which should be due to the relaxation effect, after 
removal of the electric bias in the coin cell. 

Interestingly, one would expect that Fe is least mobile 
given its large atomic mass and the strong Fe2+ - F- ionic 
bonding. However, it has been shown that Fe2+ ions are 
quickly reduced to neutral Fe0 upon lithiation,34 which 
essentially breaks the Fe-F bonds and results in Fe0 atoms that 
are bonded neither to Li+ nor F-. Thus, Fe0 atoms diffuse freely 
out of the mixture and form the metallic phase. To confirm 
this, reactive molecular dynamics (MD) simulations34 were 
performed, with the results showing that the diffusion 
coefficient of Fe0 is dramatically increased as compared to that 
of Fe2+, and Fe0 is, indeed, the most mobile species 
(Supporting Information, Section IV and Table S1). This is 
important, as this observation suggests that the growth of the 
Fe from FeF2 is driven by electrochemical lithiation at RT, 
which leads to the reduction of Fe2+. Considering the 
difference in diffusivity, the lithium conversion reaction along 
the [001] FeF2 direction must involve the reduction and then 
diffusion of Fe as well as the local displacement and ordering 
of Li+ within the close-packed F-anion framework since both 
Li+ and F- have a much smaller diffusion coefficient. So, based 
on the in situ observations, we attempt to develop a structural 
model to explain the observed conversion-driven topotactic 
phase transformation in FeF2.  

Figure 4a presents a 3D view of the FeF2 structure, with 
alternative layers of FeF2 along [001] direction in the unit cell. 
Two large channels exist in the [001] and [110] directions, and 
it has been shown that [001] is energetically more favorable for 



 

 

lithium ion diffusion.34,39 Lithium insertion along the [001] 
direction (top or bottom surface of FeF2 particle) would push 
the Fe out either in the [010] or [100] direction, while the 
inserted Li ions would likely occupy the center of the 
trapezoid constructed by the F atoms, as shown in Figure 4b. 
Note that because LiF will expand along the c direction, there 
is no room for Fe to move toward the c direction. Because the 
bonding length of LiF is about 0.2 nm (based on its bulk 
structure), it would shrink along both a and b direction, while 
expanding along the c direction to form Li-F bonding, as 
shown in Figure 4c. Once Fe is out of FeF2 lattice, it would 
alternately shift about 0.2 nm along the a direction to form 
Fe-Fe bonding due to the strong force along the b direction, 
as shown in Figure 4b. The (001) Fe layer would then contract 
to form a Fe lattice, as shown in Figure 4c. The resulting local 
cationic displacement and reordering will result in the 
following relationship between the Fe and FeF2 lattices: 
[001]Fe-I || [001]FeF2, [110]Fe-I || [010]FeF2, [11̅0]Fe-I || 
[100]FeF2, as experimentally observed (Case – I) The 
expansion/contraction of Fe/LiF is different along two 
different directions during the phase transformation of FeF2 + 
2Li+ + 2e- → Fe + 2LiF. The phase transformation results in 
expansion along the b direction, contraction along the a 
direction, and expansion along the c direction for LiF, but 
contraction for Fe. Note that due to the four-fold symmetry of 
FeF2, Fe can be equivalently pushed out along the [100] 
direction. In this case, we get another orientation relationship: 
[001]Fe-Iˈ || [001]FeF2, [110]Fe-I || [100]FeF2 and [1̅10]Fe-Iˈ || 
[010]FeF2 (Fe-Iˈ represents the equivalent Case-I Fe domain). 
The diffraction spots of the Fe-Iˈ domain would overlap with 
those of the Fe-I domain. The expansion/contraction of the 
Fe-Iˈ domain is the same as that of the Fe-I domain except it 
expands along the a direction but contracts along the b 
direction. Therefore, the converted LiF and Fe likely form a 
checkerboard-like pattern in all three directions, as illustrated 
in Figure 4d, in which the expansion/contractions are 
compensated to fit the 3D space. The domain size of Fe/LiF 
would thus be very small and difficult to grow. Interestingly, 
the Fe lattice fringes that are observed along the [110] direction 
in the thin area during the lithiation conversion process in 
Figures 1c and 1f are consistent with this checkerboard-like 
arrangement of Fe/LiF domains. Because of the four-fold 
symmetry of FeF2, the Fe fringes can align parallel to [110] 
direction. The two orientated Fe fringes may overlap along the 
beam direction. This would form a two-dimensional pattern, 
but image evidence for this would be less pronounced when 
the sample is thick.  

Alternatively, Li insertion along the [110] FeF2 direction 
(from the side surfaces of the FeF2 particle in Figure 1a) would 
push the Fe out along the [110] FeF2 direction (See Supporting 
Information, Figure S5). In this case, LiF would shrink along 

both [110] and [1̅10] directions, while expanding along the c 
direction to form Li-F bonding, as shown in Figure S5c. 
Similarly, the spacing of the Fe layers would expand vertically 
to form an Fe lattice. In this case, the relationship between the 
Fe and FeF2 lattice is: [101]Fe-II || [001]FeF2, [010]Fe-II || 
[110]FeF2, and [1̅01]Fe-II || [11̅0]FeF2 . Because the insertion of 
Li along the [110] direction is more difficult than that along the 
[001] direction,34,39 a driving force is needed to make this 
conversion happen. Thus, it is logical that we only see the Fe-

II domains with an orientation of [010]Fe-II along the [110]FeF2 
direction, which is the direction of Li diffusion in the FeF2 
particle. The likelihood of forming this kind of domain would 
also be low, consistent with the faint diffraction spots (red 
arrows) present in Figure 2. As evident from Figure S6, the 
distribution of Fe that has the Case I orientation is dominant 
when compared to Case II, agreeing well with both the 
experimental data and the structural analysis presented 
above. These results are also consistent with earlier 
computational modeling where the lithiation along the [110] 
direction was observed to be very limited as compared to that 
along the [001] direction.34 

The lithiation process in the plate-like single crystalline 
particle proceeds via layer-by-layer, from surface to the bulk 
(as in Figure 1), similar to the observation on small FeF2 
nanoparticles (10-20nm) despite the different shapes8,9. The 
high similarity is due to the fact that FeF2 is an insulator, the 
reaction front propagates, “layer-by-layer”, into the bulk, 
during which the Fe percolating network is gradually built up 
to provide electronic transport pathway. The plate-like shape 
also allows easy access to lithium, similar to that in the small 
nanoparticles. In addition, the formation of the percolating Fe 
network after lithiation resembles the previous ex situ8 and in 
situ9 observations from small nanoparticles. But, by using a 
plate-like particle, we were able to reveal more details of the 
lithiation process forming checkerboard-like structure 
wherein volume change is largely compensated, thus enabling 
structural integrity and cycling stability in such conversion-
type electrodes. 

And importantly, the use of single-crystal samples 
allowed us to reveal the crystallographic correlation between 
the involved intermediates, namely topotactic transformation 
process, which was not observed in the previous studies. The 
observation in this study also explains the coherent nature of 
the converted Fe crystallites reported in the previous 
studies.8,9 On the other hand, such an unexpected topotactic 
conversion process resembles the conventional intercalation 
process, suggesting that conversion in FeF2 proceeds via co-
operative ionic transport of Li+ and Fe2+ within the close-
packed F-anion array, with the framework retained 
throughout the process (so resembling the intercalation 
process). In a traditional view, the electrochemical reaction in 
electrodes either occurs via intercalation process, namely 
insertion of Li+ ions into interstitial sites without breaking the 
crystal lattice of the host, or via conversion that involves local 
migration/re-ordering of transition metal (TM) ions, and 
eventually, the extrusion of metallic TMs. Results from this 
study imply that these two types of reaction may be viewed 
the same, both through topotactic transformation process 
involving ionic transport and ordering of cations (Li+ and TM 
ions) in a close-packed anion framework. These findings may 
explain the origin of high cyclability in FeF2 via topotactic 
mechanism since the structural relationship between the 
parent and converted species are preserved and presumably 
provides reaction pathway for further reconversion during 
cycling. 

Whereas the neutral Fe atoms are the most mobile, 
charged ions, including Li+ and F-, are expected to have 
increased diffusion coefficients due to the presence of the 
external field. Formation of intermediate phases during 



 

 

reconversion is also possible, which is supported by both 
experimental12,14 and theoretical41 evidences. These differences 
could give rise to a distinct reaction mechanism for 
reconversion. It would be desirable to track the reconversion 
process via in situ TEM method, but difficult with the current 
setup. A few studies using single nanowire based batteries and 
using LiPON-based electrolyte in the TEM have shown 
promising in achieving full charge/discharge cycle.42,43 
Nonetheless, it is challenging to accommodate and 
manipulate single-crystalline particles as shown in the current 
study. In order to observe the re-conversion process, a 
completely different in situ TEM platform, incorporated with 
robust solid electrolyte and single-crystalline particles with 
desired orientation, needs to be developed. 

In summary, through in situ observation of lithiation 
process in single-crystalline FeF2, we revealed conversion-
driven topotactic transformation. During the process, the 
converted Fe phase is not randomly oriented as traditionally 
believed, but preferentially aligned along specific 
crystallographic orientations of the parent FeF2. Structural 
modeling suggests the formation of a checkerboard-like 
arrangement of Fe/LiF domains upon topotactic displacement 
of Fe from the parent FeF2. Consequently, a percolating 3D 
network of Fe and LiF is formed, which may explain the 
previous observation of bi-continuous network, a pathway for 
local electron transport. These observations present unique 
insights into the conversion reaction mechanisms, and so may 
help to pave the way for designing conversion-type electrodes 
for high energy density lithium batteries. 
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Figure 1. Lithium conversion and phase propagation within a single crystal of FeF2. (a, b) Bright-

field TEM image of a typical single-crystalline FeF2 particle and the corresponding electron diffraction 

pattern taken from a local region (as labeled by a circle in (a)). Scale bar: 100 nm. (c) Time-lapse TEM 

images from a local area (as labeled in a) during lithiation (See Supporting Movie M1). Scale bar: 5 nm. 

(d, e) HRTEM images of pristine FeF2 (t = 0 s) from the blue framed region in (a), and an inverse FFT 

image from the selected white framed area. Scale bar: 2 nm. (f) HRTEM image of lithiated FeF2 (at t = 

30 s), from the same blue framed area in (a). Scale bar: 2 nm. (g) Inverse FFT image from the selected 

white framed area showing dislocations (denoted as “T”). 
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Figure 2. Conversion-driven topotactic transformation in FeF2 tracked by in situ electron 

diffraction (See also Supporting Movie M2). (a) Representative electron diffraction patterns recorded 

from the white circled region in Figure 1(a), and (b) corresponding azimuthal projection images (See 

Supporting Movie M2 for the time-resolved diffraction patterns). The blue semi-circle area highlighted 

on the image in (a) shows the approximate radius and angles selected for the projection. (c) Comparison 

of intensity profiles between 11̅0Fe (Case I) and 1̅01Fe (Case-II) with respect to parent 200FeF2. (d) 

Radially integrated intensity profile as a function of lithiation time (between 0 to 37ˈ). (e) Zoom-in view 

of the patterns from the red framed area in (d) showing the gradual growth of the (110)Fe peak during 

the lithiation process. 
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Figure 3. Structural correlation between converted Fe and the parent FeF2. (a) Bright-field TEM 

image taken from an electrochemically lithiated FeF2 particle. Scale bar: 100 nm. (b) Electron diffraction 

pattern taken from the white circle area in (a). (c) Intensity histograms comparing 11̅0Fe (Case I) and 

(1̅01)Fe (Case II) spots. (d) HRTEM image and corresponding FFT (inset) from the yellow framed area 

in (a). Scale bar: 5 nm. 
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Figure 4. Atomistic model of conversion-driven cationic displacement and topotactic 
transformation in FeF2. (a) Schematic illustration of the structure of FeF2 with Fe (red) and F 
(green). In the 3D view (left), the unit cell is outlined by thick blue lines. The thin black lines 
outline a 1×2×2 supercell. Alternative arrangement of Fe-F along [001] direction in the unit cell is 
shown in the red and green planes. (b) Li (yellow) insertion along [001] direction. (c) 
Expansion/contraction of Fe/LiF along different directions during conversion process. (d) 
Perspective view of the checkboard arrangement of the converted Fe domains, illustrated by the 
blue and red cubes at different height along [001] FeF2 direction.  

 


