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Fig. S1. A tetrahedral environment of a void can be determined using either oxygen atoms (red
spheres) or metal atoms (yellow spheres) at the vertices. The second description is utilized in the
present paper. When all the metals are Li* such an environment is referred to as 0TM.
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Fig. S2. Energy dispersive X-ray spectra of the Li; 3Nbg3Mng 40, (a, b) and Li; ;Tiyp4Mny 40, (c,
d) samples after annealing. Careful analysis of Mn-Kp line in the spectra reveals the weak low-
energy shoulder, which can be assigned to Fe-Ka with energy of 6.4 keV. Deconvolution of
EDX spectrum with Fe lines gives perfect fit between experimental and modeled spectra and Fe

content of ca. 3-4 wt. %.
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Fig. S3. Rietveld refinement of the structure of Li; ,Tig 4Mng 40,.



Fig. S4. STEM-EELS maps of Mn?*** (red) and Mn3"#* (green) states recorded from crystals of
L1, 3Nbg sMng 40,.



Fig. S5. High-resolution [001] and [011] BF-TEM images of Li; ;Tiyp4Mn 40, (a, ¢)
Li; 3Nbg3Mng 40; (b, d). The Fourier-transforms are shown as insets.
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Fig. S6. The example of superstructure observed by XRD on the sample prepared from lithium
carbonate instead of oxide and at lower annealing temperature.
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Fig. S7. The contour plots of the calculated distributions p,, y of Li-environments within the
model for Li; ;Nbg>Mng O, composition (a-d). The corresponding transformation (e) of the
modeled ’Li NMR spectral shape (spectra a-d correspond to distributions a-d).

A cubic grid of 50-50-50 atoms was stochastically filled with Li, Nb, Mn and O atoms so
that the positions where i+j+k were even contained a metal while the odd positions were filled
with oxygen. The numbers of Li environments with a certain number M (0-12) of Mn atoms at
90° bonds (Li-O-Mn) and the number N of 180° bonds were calculated. Each Mn neighboring a
resonating Li by a 90° bond resulting in a 3, Fermi contact shift while each 180° Mn neighbor
shifts the signal to o, ppm (0, and J, have the opposite signs). The NMR spectrum was then

modeled by the function f(w)= Zé‘(w—Mé’a —N&,)py yg(w), where § is the delta-function
M,N

and g(m) is the Gaussian widening function which was chosen to have a constant half-width § of
order of §, and J, independent on the number of paramagnetic neighbors of lithium. The spectra
shown in Fig. S5 (e) were calculated using 8, = 100, 9, = -140 and § = 120 ppm.
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Fig. S8. All the ten lowest energy configurations of Li; ;Tig4Mng 40, (a) and Li; 3Nbg3Mng 40,
(b) compositions generated using a supercell program after optimization using DFT. Those ones
used for the study of the Li migration paths by NEB method are in the red boxes.
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Fig. S9. Correlation between GII factor and crystal energy defined by DFT optimization for each
configuration.
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Fig. S10. Averaged over 10 configurations number of MnOg octahedra and common edges
between them in an elemental cluster, and the average number of isolated MnOg in 2x2x2 unit
cell. Insert: examples of Mn-clustering in Li; ;Tigp 4Mng 40, and Li; 3Nby3Mn0 40,.
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Fig. S11. The examples of three unstable configurations of Li; ;Tiy 4Mng 40;.



Fig. S12. Migration maps of L1, ,Tip 4Mng 4O, (a) and Li; 3Nbj 3:Mng 4O, (b) in 2*2*2 supercells.
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Fig. S13. SEM images of Lil,zTi0,4Mn0,402 (a) and Lil.ngo._’,Ml’lOAOz (b)
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Fig. S14. Examples of voltage vs. time profiles for a single GITT titration at the state of charge
(a) and discharge (b); voltage vs. t'2 plot (c).



