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1. Experimental: synthesis (EDTA-assisted sol-gel method) and coin cell assembly
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Figure S1. Schematic representation of the synthesis of Li-Ni-Mn-O spinel materials using the EDTA-
assisted sol-gel method with subsequent annealing at moderate temperature.
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Figure S2. Schematic representation of the coin-cell assembly. Note that the low coating ratio of active
material (50 wt.%) and low mass loading of the electrode 1.5 mg/cm? are definitely increase the
electrode's stability as well as the ability of electrode to cycling at high current density.




2. Surface morphology the spinel electrodes

The positive electrode composite was fabricated through a slurry composed of active
material, conducting Super-P carbon black and poly(vinylidene fluoride) (PVdF) binder in the
proportion 50:30:20 casted onto Al foil as current collector. The size of the electrode discis 12 mm
in diameter with a mass loading of 1.5 mg cm?. Based on the SEM images, we are barely found
any morphological differences between the LiNiyMn2yOs materials. The differences in the cycling
performance are due to Ni doping not particle variations.

Figure S3. SEM images of electrodes fabricated using the slurry composed of active
material, conducting Super-P carbon black and PVdF binder. (a) LiMn20s (b)
LiNiosMn150s and (c) LINIMnOs@NMO. The scale bar is 1 um.

3. BET isotherms
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Figure S4. Nitrogen adsorption/desorption isotherms for (a) LiMn20Os, (b) LiNiosMni504
and (c) LINIMnOs@NMO.

4. Raman spectroscopy

In the wavenumber range investigated (120-800), the RS spectrum of LiMn20s (LMO) displays six
active modes, which match well with the spectral features of the Fd3m spinel structure as the group
factor analysis of the On” symmetry provides the Aig + Eg + 3T2¢ spectroscopic species. These vibrations
are located at 164, 386, 473, 582, 621 and 654 cm™, respectively (Figure S4a) [1]. The strong band around
600 cm is viewed as the symmetric Mn-O stretching vibration involving motion of oxygen atoms inside
the MnOs octahedron, which is split at 582 cm™ (A1 mode) and 621 cm? (A15® mode) because the
presence of regular Mn™VOs and distorted Mn™Os octahedra. The peaks at 386 and 473 cm! are attributed
to the Eg and T2;® mode, respectively, while the high-frequency T2® mode is observed at 654 cm1. The
low-frequency band at 164 cm™ is an external mode assigned to the translational vibration T2g™.

The Raman spectrum of LiNiosMn1504 (LNM) is more complicated than that of LMO because the
substitution of Ni?* for Mn* in the spinel lattice. In particular, the introduction of nickel leads to
increased number of vibration bands and Raman intensity of certain modes. The spectrum displays 10
vibrational modes located at 163, 220, 343, 403, 496, 525, 597, 610, 636 and 665 cm-!. Attribution of these
Raman patterns are reported in Figure S4b and in Table S1 [2]. However, it is worthy to note that: (i) the
doubling of the Aig mode (at 610 and 636 cm') due to the presence of cations Mn?* and Mn#*, (ii) the
splitting of modes into several components due to the partial substitution, i.e., T2¢(T) at 163 and 220 cm-



1, Tog® at 496 and 525 and Aig at 597 and 610 cm!. Of specific vibrations of Ni-O bonds can thus be
identified at 496, 525 and 597 cm. It is also not excluded that nickel participates in the intensity high
A1g mode located at 640 cm. No splitting is observed for the E; and T2 modes located at 403 and 6665
cm!, respectively, and which probably contain in their large envelope the contributions of the Ni and
Mn atoms.
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Figure S5. Raman spectra recorded with the excitation line at A = 532 nm of (a) LiMn20s and (b)
LiNiosMn1504 spinels.

Table S1. Raman mode attribution for LiMn20s, LiNiosMn150s LINIMnOs@NMO. w : weak, m :
medium, s : strong, vs: very strong, b :broad.

LiMn204 Attribution  LiNiosMn1504 LiNiMnO«@NMO Attribution

164 m Tag® 163 m 164 m Tag™

- 220b - Tag™M

- 343 b 341b Tog(Li-O)
389 b Eg 403 b 412b Eg(Niz*/Mn#)
473 m T2g®@ 496 s 499 s T2g(Ni2)

- 525 w 520 w T2g(Ni2)
582s Ag® 597 m 599 m Aig(Ni?)

- 610 m 612 m Aig(Mn#)
621s Ag® 636 s 637 w A1g(Mn3+/Ni?)

654 w T2® 665 W 667 W T2®




5. XPS measurements
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6. Electrochemical performance of LMO and LNM
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Figure S6. XPS characterization of LMP, LNM and LNM@NMO spinel powders
synthesized by sol-gel method: (a) Survey spectra, (b) XPS valence band spectra.
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Figure S7. Electrochemical performance of LiMn20s. (a) Cyclic voltammograms (three
cycles) recorded at the scan rate of 0.02 mV s. (a) Galvanostatic charge-discharge profiles
carried out at 148 mA g current rate in the potential window 3.5-4.9 V. (c) Differential
capacity (-dQ/dV) vs. potential of the LiNiosMn1504 electrode in 1 mol L LiPF¢ in EC:DEC

(1:1) electrolyte.
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Figure S8. Electrochemical performance of LiNiosMn150s. (a) Cyclic voltammograms (three
cycles) recorded at the scan rate of 0.02 mV s (a) Galvanostatic charge-discharge profiles
carried out at 148 mA g current rate in the potential window 3.5-4.9 V. (c) Differential
capacity (-dQ/dV) vs. potential of the LiNiosMn1.504 electrode in 1 mol L LiPFs in EC:DEC

(1:1) electrolyte.



Table S2. Electrochemical performance upon long-term cycling of LNM cathode materials

synthesized by different methods. The discharge capacity of fresh LNM//Li cells and that after cycling
is documented. The relevant cycle number is given in brackets.

Synthesis Discharge capacity Current rate Ref.
(mAh g7) (mA g?)
Co-precipitation 128/80 14.8 (250) [3]
Combustion (citric acid) @ 70/48 148 (1000) [4]
Sol-gel (citric acid assisted) 130/50 14.8 (500) [5]
Co-precipitation 70/30 700 (500) [6]
Planetary ball milling 85/50 1480 (500) [7]
Solid-state reaction 110/70 70 (1000) [8]
Spray pyrolysis 102/94 140 (500) [9]
Solid-state reaction 130/33 70 (350) [10]
Co-precipitation 110/75 140 (1000) [11]
Sol-gel (EDTA assisted) 110/70 140 (1000) this work
3 LiNio1sMgo.0sMn1.7704 composition.
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