Figure S1. Series of HREM images for the early stage of crystallization showing

nucleation in the matrix and subsequent formation of a nanosized crystal.



Table S1. Symbols and crystallographic symmetries for 17 plane groups (two-

dimensional space groups)

Amplitude Phase
Hermann-Mauauin AXes relations relations
No. symbol ’ and
angle IF(h k)| = [F(-h -k)| d(h k) = -¢(-h -K)
and and
1 pl - -
2 p2 - -
3 pimil Yajggo F(hK)| = [F(-h K) a(h K) = d(-h K)
4 plgl oge | FORIZFARL | 6h=eehk s
5 ciml Yajggo F(hK)| = [F(-h K) a(h K) = d(-h K)
6 p2mm Yajggo IF(h k)| = [F(-h K)| d(h k) = d(-h k)
7 p2mg Toee | FORIZFARL | eh=eehk s
azb _ o(h k) =
8 pZQQ y= 90° IF(h k)| = |F(-h k)] o(-h k) + (h+k)-180°
9 c2mm Yajggo IF(h k)| = [F(-h K)| d(h k) = d(-h k)
10 04 o | FORI=FCk) o(h ) = ok h)
a=b F(h k)| = [F(-k ) 3(hK) = 9(-k h)
1 p4mm v = 90° = [F(-h k)| = g(-h k)
a=b F(h k)| = [F(-k ) o(h k) = 9(-k h)
12 pdgm y = 90° = |F¢-h K)| = ¢(-h k) + k-180°
a=bh |[F(h K)| = |F(k -h-K)| o(h k) = ¢(k -h-k)
13 p3 y=120° = |F(-h-k h)| = ¢(-h-k h)
a=>h |[F(h K)| = |F(k -h-K)| do(h k) = ¢(k -h-k)
14 p3m1 y=120° | =[FChkh) = b | = oChkh) = ok -h)
a=b IF(h K)| = [F(k -h-k)| o(n K) = 9(k -h-K)
15 p31m y=120° | =|F(hkh) = [F(kh) = o(-hk h) = o(k h)
a=>h |[F(h K)| = |F(k -h-K)| do(h k) = ¢(k -h-k)
16 p6 y=120° = |F(-h-k h)| = ¢(-h-k h)
7 o6 a=b IF(h K)| = [F(k -h-k)| o(n K) = 9k -h-K)

y=120°

= [F(-h-k h) = F(k h)|

= ¢(-h-k h) = ¢(k h)
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Figure S2. Diagrams of symmetry elements for 17 plane groups.



Fig. 2a

Fig. 2b Fig. 5b

Fig. 2¢ Fig. 5c

Figure S3. Spot pattern comparisons between the FFTs obtained in Figs. 2 and 5 in the
main text. For easier recognition, the major axes of each FFT is rotated so as to align in
the same directions. Each rectangle is drawn in different color for the phases shown in
Fig. 2 (left hand side) as a reference. The rectangles in the FFTs on the right hand side
are identical to the references, respectively.

- The diffraction patterns in (a) do not appear to reveal precisely identical patterns,
implying that an initial metastable crystalline state may vary between the nanocrystals.

- Although the diffuse spots indicated by the white arrows in (b) are likely to correspond
to the spots of the FFT of Fig. 2b, the FFT of Fig. 5b shown in (b) is rather similar to that
of Fig. 5a shown in (a). Therefore, it can be expected that the image shown in Fig. 5b was
taken when the transition to the yellow phase was about to occur.

- The FFTs in (¢) are in good agreement with each other.



46m 30s

(e

~Anm

48m 30s

i
i

i 1
ALLIAELS
T
(LHL T
ummllll 5
THLELS

Figure S4. Series of in situ HREM images of a LiFePO, nanocrystal at 450°C shown in
Fig. 5 in the text. This series of images shows the transformation with observable
nucleation and subsequent growth of a new phase inside the nanocrystal, as indicated by
the arrow in (c). The magnified HREM images shown in (¢) demonstrate that the interior
bulk (blue rectangle) remains in a metastable transient state compared to the stable surface
region (green rectangle). The FFT shown in (c¢) for the surface region is identical to

that shown in (e), supporting the surface nucleation phenomenon in (c).
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