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Application note 1.

Structural and physico-chemical characterization of the entire series of over-lithiated materials.

The homologue series of samples synthesized from the BM by substitution of cobalt with lithium

and aluminum beyond is listed in the table S1.

Table S1. Series of synthetized materials with different levels of Cobalt, Aluminum and Lithium.

Name Chemical formula Li% Al% Co%
BM Li; 2Mng 54Nig 13C00.130, 60 0 6.5
S01 Li; 2Mng 54Nig 13C0¢.1Alp 30, 60 1.5 5
S02 Li; ;Mny 54Nig. 13C00,07Alp,0602 60 3 3.5
S03 Li; 2Mng 54Nig 13C00.04Al0.0002 60 4.5 2
S04 Li; 23Mny 54Nig 13C00,07Alp.0302 61.5 1.5 3.5
S05 Li; 26Mng 54Ni 13C00,04Al 0302 63 1.5 2
S06 Li; 26Mng 54Nig 13C00,02Al 0502 63 2.5 1
OM Li; 2Mng 54Ni 13C00,02Alp.0302 64 1.5 1

Atomic composition has been checked by Inductively Coupled Plasma Optical Emission

Spectroscopy (ICP-OES, see table S2) confirming the expected stoichiometries in all cases.



Sample

Table S2. ICP-OES results of samples.

Theoretical Ratio
Ni:Co:Al:Mn

Experimental Ratio
Ni:Co:Al:Mn

BM

0.241:0.241:0:1

0.272:0.284:0:1

S01

0.241:0.185:0.056:1

0.247:0.206:0.053:1

S02

0.241:0.13:0.111:1

0.253:0.14:0.092:1

S03

0.241:0.074:0.167:1

0.247:0.079:0.156:1

S04

0.241:0.13:0.056:1

0.25:0.145:0.053:1

S05

0.241:0.074:0.056:1

0.247:0.082:0.054:1

S06

0.241:0.037:0.093:1

0.246:0.042:0.089:1

OM

0.241:0.037:0.056:1

0.241:0.041:0.055:1

The X-ray diffraction (XRD) patterns of all samples have been recorded using a Malvern

PANalytical Empyrean (Cu Ka) in the range of 20 degree of 10°-90°, as shown in the figure S1.

All diffraction patterns display a layered phase for all samples, indicating the absence of

modification of the crystal structure due to the Li and Al co-doping. In fact, similarly to BM, the

diffraction pattern can be indexed by adopting an hR12 lattice with R-3m symmetry typical of the

LiMO, layered phases. The extra peaks observed between 26 of 20°-30° are identified in line with
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the literature with a coexisting mC24 lattice with C2/m symmetry generally reported as Li,MnO;

phase (see figure S2 for a representation of both trigonal and monoclinic unit cells).

The two lattices, i.e. hR12 and mC24, are closely related by symmetry: both structures are

constituted by the layering of Li/O/M/O planar sheets (M=metal blend) in the (001) direction. The

composition of the metal blend in the M-layer tunes the final stoichiometry that can easily range

in both structures from Li(Li;5TM,/3)O, to LITMO, (TM= transition metals). The main differences

between the two lattices deals with the different stacking sequence as well as the ordering in the

M layer, that is regularly constituted by LiTM¢ motifs in the mC24 phase whereas is completely

random in the hR12 one. Overall, the two lattices can describe the same stoichiometry but can be

easily discriminated by diffraction thank to the extra peaks and differences in the peak intensity

(see the reference patterns in the figure S1). However, the occurrence of a partial break in the

periodicity of the mC24 lattice (e.g. staking faults, atomic site occupation disorder) makes the

effective structure very similar to the hR12, thus producing a diffraction pattern almost

indistinguishable compared to the trigonal phase, apart the observed weak peaks (see above). 3]

All over-lithiated samples show similar morphologies as observed by scanning electron

microscopy (see figure S3).
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Figure S1. XRD patterns of all over-lithiated Li-Rich layered materials.




Figure S2. Representation of Hexagonal cell and Monoclinic cell.

Figure S3. Comparison of the morphologies of the over-lithiated layered oxides by secondary

electron-scanning electron microscopy imaging.
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Figure S4. Secondary Electron-SEM imaging of OM (a, b) and BM (c, d) at different

magnification.
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BM Line Type Atomic %
0] K series 66.92
Mn K series 21.85
Co K series 6.18
Ni K series 5.05
Total 100.00
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Figure S5. BM EDX maps.

OM Line Type Atomic %
0] K series 68.42
Al K series 1.09

Mn K series 20.83
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