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Figure S1. Low-magnification (a) enlarged (b) and cross-sectional (¢) SEM images of

o-Fe,O3 nanorods on Ti foil.
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Figure S2. Raman spectra of the as-synthesized TiO, and TFN.
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Figure S3. XPS spectra of TFN composite. (a) Survey scans, (b) Fe 2p peaks, (c) Ti

2p peaks and (d) O 1s.

The surface chemical compositions and the valence states of TFN were revealed by
Raman (Figure S2) and XPS (Figure S3), respectively. The Raman spectrum recorded
from Figure S2 exhibits nine intense bands located at 146, 225, 244, 291, 393, 410,
504, 615 and 635 cm™’. The bands at 146, 393, 504 and 635 cm’! match anatase TiOz,]
while the other bands agree well with the Ay,, E,, E,, E, and E, vibrational modes of
rhombohedral Fe203,2 which further provides the evidence for the co-existence of
crystalline TiO; and a-Fe;Os. The presence of O 1s, Ti 2p and Fe 2p in the sample
was checked by XPS (Figure S3). In Figure S3b, Fe 2ps and Fe 2p;, peak at 711.0
eV and 724.2 eV can be assigned to Fe (III), which confirm the formation of Fe,Os.

Furthermore, the peaks at 458.8 eV and 464.5 eV in the Ti 2p spectrum can be
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assigned to the 2ps, and 2p;» core levels of a normal state of Ti (IV) in the anatase
TiO, (Figure S3c).” The peaks (Figure S3d) of the O Is spectrum are resolved into
two components, at 530.0 and 531.3 eV, respectively. The low binding energy
component observed at 530.0 eV is attributed to the O* forming oxide with titanium

and iron elements, the latter peaks are assigned to OH.*>
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Figure S4. (al, bl) High resolution TEM images of two random areas of TFN after
the 50th cycle. (a2, b2) High resolution TEM images magnified from the area outlined
by the white square in panel (al, bl), respectively. (a3, b3) Corresponding fast
Fourier Transformation pattern from the area outlined by green and blue dotted
squares in panel (a2, b2), respectively. (a4, b4) Schematic diagrams of the interfaces
match between TiO; and a-Fe,O; correspond to (a2, b2). “T” and “F” in the pictures

represent a-Fe,O3 and anatase TiO, phases, respectively.
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Figure S5. XRD pattern of the core-shell TFN electrode after 50 cycles.

The boundary structures of TFN electrode after 50 cycles were revealed by
HRTEM and XRD. The TEM images in Figure S4 and XRD patterns in Figure S5
show that even after the 50th cycle, abundant interfaces between anatase TiO, and
hematite a-Fe,O3 were also observed. For instance, Figure S4a-b show two segments
of TEN after the 50th cycle. The HRTEM micrograph of interfacial region magnified
from Figure S4a2 and b2 displays two distinctive interface made of anatase TiO,
(011) plane and a-Fe,O; (113) plane with a deviation angle of 18°, as well as anatase
TiO, (011) plane and a-Fe,O; (013) plane with a deviation angle of 1°, respectively.
The corresponding FFT patterns taken from a-Fe,O3 and TiO,, while outlined by the
dotted square further confirms these lattice-matched interface (Figure S4a3 and b3).
The XRD pattern also confirmed the co-existence of TiO, and a-Fe,O3 in TFN after
the 50th cycle (Figure S5), while the signals of Fe3O4 (JCPDS card no. 65-3107) were
also observed. This was attributed to the lithium storage mechanism in the a-Fe,;O3
primarily accompanied with the redox processes (Fe** & Fe**/Fe®). Thus, these results
confirmed that the TiO,@a-Fe,O3 (TFN) after the 50th cycle can still maintain the

abundant interfaces structure.
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Figure S6. Low (al) and high-magnification (a2) SEM images of TFN after 200

cycles. (b) EELS of Li element in TFN after 200 cycles.
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Figure S7. XRD pattern of the core-shell TFN electrode after 1000 cycles.
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Figure S8. (a) Nyquist plots for the TFN electrodes, freshly assembled (black),
experienced 50 (blue) and 200 cycles (green), correspondingly. (b) The equivalent
circuit model of the freshly assembled TFN electrode (black dot line in Figure S6a).
(c) The equivalent circuit model of the TFN electrode experienced discharge-recharge

cycles (blue and green dot line in Figure S8a).
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