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Fig. S1 (a and b) Typical SEM images of the (a) MnO2 and (b) LLNMO MSs.



Table S1 Crystallographic data of the LLNMO@Mg and LLNMO MSs.

Lattice parameters

Samples 1(003)/1(104)
a(A) c(A) V (A%)
LLNMO@Mg MSs 2.8580 14.2560 100.8446 1.39
LLNMO MSs 2.8560 14.2460 100.6329 1.25




50 nm

Fig. S2 (a) TEM and (b) HRTEM image of the LLNMO MSs. (c¢) Dark-field TEM image of

LLNMO MSs and corresponding elemental mapping images of Ni, Mn, and O.
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Fig. S3 (a) EDX spectrum of the LLNMO@Mg MSs. (b-f) XPS spectra of (b) full scan, (c) Ni

2p, (d) Mn 2p, (e) O 1s, (f) Mg 1s regions of the LLNMO@Mg MSs.
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Fig. S4 (a) CVs of the LLNMO@Mg MSs between 4.8 and 2.0 V at a scan rate of 0.05 mV s,
(b) Nyquist plots of the LLNMO@Mg and LLNMO MSs measured at an open-circuit voltage of
2.0 V after the first cycle. Inset shows the equivalent circuit fitted with uncompensated
resistance (Ru), charge transfer resistance (Rct), double layer capacitance (CPEar), and Warburg
impedance (Wad). (c) GITT curves of the LLNMO@Mg and LLNMO electrodes by 30 min
charging/discharging and 1 h relaxation after the 100" cycle. (d) Polarization curves in the

transient potential regions of the LLNMO@Mg and LLNMO MSs electrodes.



Fig. S4a shows the CV curves for the LLNMO@Mg MSs measured at a scan rate of 0.05
mV s’ between 4.8 and 2.0 V, whose CV profiles are analogous to previously reported Li-rich
cathode materials.[51:52] In the anodic sweep, two anodic peaks at 3.8 and 4.6 V were observed.
The well-defined anodic peak at 3.8 V can be assigned to the Ni*" oxidation to Ni**, while the
peak at 4.3 V could be ascribed to the oxidation of Mn** to Mn**. The other sharp anodic peak at
4.6 V could be related to the LixMnOs3 activation. In the following cathodic sweep, the reduction
peak at 3.7 V could be attributed to the Ni*" reduction, while the peak at 3.2 V could be assigned
to the Mn*" reduction to Mn**.[852] Hence, the reversible redox reaction of the LLNMO@Mg
MSs involved both Ni and Mn elements. The changes in the cycling profiles from the second
cycle onward were quite smooth, indicating good cycling reversibility of the LLNMO@Mg MSs.

In order to understand the reasons for the enhanced performances of the LLNMO@Mg MSs,
potential polarization curves were obtained from the GITT measurements after the 100™ cycle, as
shown in Fig. S4c. The polarization curves were plotted by the difference between the closed-
circuit and quasi-open-circuit potential in the transient potential profiles.[S3! The LLNMO@Mg
MSs electrode shows a smaller polarization in Fig. S4d, which means that the LLNMO@Mg
MSs could have enhanced charge transfer rates, compared with bare LLNMO MSs.[34 Therefore,
the Li" diffusivity of the LLNMO@Mg MSs could be definitely higher than that of the bare

LLNMO MSs electrodes.
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Fig. S5 CVs of the LLNMO MSs electrode from 4.8 to 2.0 V at a scan speed of 0.05 mV s

As shown in Fig. S5, the bare LLNMO MSs electrode showed large potential polarization

compared with the LLNMO@Mg MSs, indicating that the LLNMO@Mg MSs could have

improved kinetic properties.
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Fig. S6 (a) Potential profiles of the bare LLNMO MSs. (b) Discharge median potential profiles

of the LLNMO@Mg and LLNMO MSs electrodes. Coulombic efficiency-cycle number curves

of (¢) LLNMO@Mg and (d) Mn304@C electrodes.



Fig. S7 (a-c) SEM images of (a) LLNMO@Mg, (b) Mn304@C, and (c) Mn3Os MSs electrodes

in the half-cell after cyclings.
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Fig. S8 (a-d) XPS spectra of (a) full scan, (b) Mn 2p, (c) O 1s, (d) C Is regions of the Mn304@C

MSs.

XPS analysis was performed to examine the oxidation state of Mn, O, and C elements in the
Mn3O4@C MSs. The XPS survey spectra of the Mn3O4@C MSs are depicted in Fig. S8a. In Fig.
S8b, the peaks at 653.1 and 641.3 eV can be attributed to Mn 2pi2 and Mn 2p3s2, respectively.
The binding energy difference is 11.8 €V, which is in line with previous reports.[53561 As shown

in Fig. S8c, the O 1s photoelectron peak is deconvoluted into three peaks: the main peak at 529.6
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eV is ascribed to the oxygen species in the Mn3O4 MSs, while minor peaks at 531.0 and 532.3
eV correspond to the OH species or chemisorbed oxygen.!5*) As shown in Fig. S8d, the C 1s
spectrum peaks can be resolved into three peaks: one peak at 284.5 eV is attributed to C—C,
whereas the other peaks at 285.4 and 288.2 eV can be assigned to C-O, and C=O,
respectively.[58] Consequently, the XPS spectra further demonstrate that the Mn3O4@C MSs are

composed of the Mn304 and carbon layers.

12



(@) (b)
O
80 s M
9 -+ Mn3Os 5 4
@ 6ol — Mn30s@C o
o =
= ‘B
L
40 s
2 9 Mn
c
g E—
20
J Mn A
0 1 1 L L 1 1 1 - ILA JI
100 200 300 400 500 600 700 800 0 2 4 6 8 10
Energy (keV)

Temperature (°C)

Fig. S9 (a) TGA curves of the Mn304@C and Mn304 MSs. (b) EDX spectrum of the Mn3O4@C

MSs.
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Fig. S10 (a) CV profiles of Mn3O4@C MSs at a scan rate of 0.05 mV s''. (b) Nyquist plots of the

Mn304@C and Mn304 MSs measured at an open-circuit voltage of 3.0 V after the first cycle.

Fig. S10a presents the CV profiles for the Mn304@C MSs electrode obtained from 3.0 to
0.01 V at a scan rate of 0.05 mV s, whose curves are analogous to previously reported Mn3O4-
based materials.[57-38] In the first cycle, there are weak reduction peaks at 1.8 and 1.5 V, which
are assigned to the compound formation of Li in Mn30O4 and reduction of Mn3Os to MnO,
respectively.[5”] The intense peak at 0.1 V is related to the MnO reduction to Mn’. The broad
peak at 0.8 V is attributed to the SEI layer formation. In the first oxidation process, the peaks at
1.3 and 2.1 V are observed, which are in accordance with the oxidation of metallic Mn° to MnO
and oxidation of MnO to Mn3Oa, respectively.5”-581 The CV profiles in the subsequent two
cycles almost overlap, implying enhanced cyclability of the Mn304@C MSs electrode.

To further understand the enhanced electrode kinetics of the Mn3O4@C MSs as compared
with the Mn3O4 MSs, the resistance was investigated with EIS measurements. A semicircle at a

high-to-medium frequency and a sloping line at a low frequency were observed in the Nyquist
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plots, as shown in Fig. S10b. From the Nyquist plots, the charge transfer resistance (Rect) of the
Mn304@C MSs electrode (72.1 Q) is much smaller than that of the Mn30O4 electrode (107.1 Q),
indicating the improved electrical conductivity and Li* transfer rate by the carbon coating to the
Mn304 MSs.[83] Therefore, the Mn3O4@C MSs showed enhanced electrochemical properties

compared to the bare Mn304 MSs electrode.
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