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Fig. S1. Schematic illustration of the structural changes of TMO during preparation.
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Fig. S2. SEM images of a) TMO-MOC heterostructure and b) TMO samples.

S3



(b)

CPS(eV)

CN Y. V.Y Py
T T T
0.0 0.1 04

Distance(um)

Fig. S3. (a) and (b) show the energy dispersive spectroscopy (EDS) of TMO-MOC heterostructure.
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Fig. S4. TGA of TMO.
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Fig. S5. XPS spectra of TMO-MOC heterostructure and TMO.
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Fig. S6. The ratio of Mn**/Mn*" in TMO-MOC heterostructure and TMO.
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Fig. S7. (a,b) XRD of TMO-MOC heterostructure upon dischaging to 0.9V.
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Fig. S8. In-situ XRD patterns in different discharge/charge states at 0.1 A g'! of TMO-MOC

heterostructure.
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Fig. S9. The ratio of Mn*"/Mn3" in TMO-MOC heterostructure in different discharge/charge states.
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Fig. S10. Kinetics analyses of the electrochemical reactions in TMO. a) CV curves of the various
scan rates, b) log(i) versus log(v) plots at different oxidation and reduction states, ¢c) CV curve and
pseudo capacitance contribution ratio at 1 mV s*!' scanning speed, d) The ratio of capacitive

contribution at different scan rate.
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Fig. S11. GITT curve of TMO.
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Fig. S12. Zn?* diffusion pathway after projection (a) in TMO-MOC and (b) in TMO.
The genuine diffusion pathway of Zn** (¢) in TMO-MOC and (d) in TMO.
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Fig. S13 . HRTEM of TMO-MOC heterostructure after 600 cycles.
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Fig. Sl4 TEM elemental mapping of TMO-MOC heterostructure after 600 cycles.
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Table S1. ICP-AES of TMO-MOC heterostructure and TMO.

TMO-MOC T™MO
Mn(mg/L) 1 1
Mg(mg/L) 2.38 0.38

S16



Table S2. XPS data of TMO-MOC heterostructure.

Name start BE Peak position BE end BE height CPS FWHM eV
Mgls 1315.07 1303.31 1295.17 77440.79 2.23
Mn2p 665.03 642.41 630.23 13640.94 2.73
Ols 545.07 531.25 525.17 91664.8 1.9
Cls 295.07 284.8 275.17 17164.18 1.49
Cl2p 210.07 198.36 190.17 8172.4 2.62

S17



Table S3. XPS data of TMO.

Name start BE Peak position BE end BE height CPS FWHM eV
Mgls 1315.35 1304.04 1295.45 18271.85 1.93
Mn2p 665.31 642.19 630.51 23114.55 2.99
Ols 545.35 529.96 525.45 34004.29 2.74
Cls 295.35 284.8 275.45 9297.49 1.57
Cl2p 210.35 198.05 190.45 1916.76 1.74
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Table S4. The electrochemical performances of TMO-MOC compared with

other reported MnOy cathodes in AZIBs.

First Cycle Capacity
Materials Cyele Numbers References
(mAh g) [at 1A g'!]

TMO-MOC 260 mAh g at 0.1A g! 1800 This work
Mn,0;@ZnMn,0,/C 183.8 mAh g!at 0.2A g’! 700 !
MnO, 275mAhglat03 A g! 500 2
Alp;—MnO, 347.6 mAhg'lat0.1 A g'! 1000 3
Cu-MnO, 443 mAh g'at0.1A g’! 175 4
8-MnO, NDs 335mAh g'lat0.1A g’! 1000 3
MO-s 392 mAh g''at 0.5A g’! 1000 6
KMO 231.97 mAh g at 0.1A ¢! 1400 7
Al - MnO 345mAh g at 0.1A g 500 8
Ago4MngOq 306 mAh g'at0.1A g'! 800 9
Mo-MnO, 327 mAh g'at0.2A g'! 1000 10
ZNCMO@N-rGO 204.4 mAh g at 0.01A g”! 900 i
Vo-MnO,@CNFs 268 mAh g'! at 0.05A g°! 740 12
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