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1. Linear Combination Fit.

Linear combination fit (LCF) on the TEY measurement acquired at the Mn L,3 edges on equivalent
samples were carried out in a previous work?® using simulated XAS references. In this work, the LCF
have been carried out with Mn?* (MnO), Mn3* (Mn203) and Mn** (MnO,) experimental references?’.
Our results are in good agreement with our previous work and are reported in Tab.S1 (a).

a) Total Electron Yield (TEY) Mn L edges
Sample Coated Uncoated
charge state 2+ 3+ 4+ Avg. valency 2+ 3+ 4+ Avg. valency
435V 4+2 612 90+1 3.86+0.14 | 933 4+2 31 2.1+0.16
3V 40+5 | 202 40+1 3.1+0.2 63 0 94+3 3.9+0.18
b) Transmission (Mn K edge)
Sample Coated Uncoated
charge
state 2+ 3+ LiMn;04 | Lig.goMnN,04 4+ 2+ 3+ LiMn;Oy4 | LigosMny04 4+
435V | 0.5+0.2 97 £1 2511|743 76+2 17+2
3V 100 9+2 | 91+1
C) Sample Coated Uncoated
charge state
435V 3.95+0.08 3.83+0.20
3V 3.5 3.46 £ 0.09

Table S1. Species concentration (%) and average Mn oxidation state of coated and uncoated LMO samples at two different

cycle stages. (a) LCF of the TEY spectra at the L2z Mn edges. The references were MnO (2+), Min20s3 (3+) and MnO: (4+); (b) LCF of

the transmission measurements at the Mn K edge. 3+ is the Li2Mn204 reference, 2+ is MnO and 4+ is Li2MnQOs3; (c) Average
oxidation state obtained from the spectra acquired in transmission mode.

The LCF at Mn K edge of the coated sample at 3 V was carried out with the XANES spectra of LiMn;04
reported by ref2. Among the LMO samples presented by the authors, characterized by different
structural order, the XANES relative to the sample with the higher structural order was employed. The
best LCF for the uncoated sample at 3 V (reduced chi-squared factor = 3.6 x 10"*) was obtained
including a component of tetragonal LizMn204 7 in agreement with the Jahn-Teller distortion effect
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discussed in the main text. For the charged coated sample, the best fit (reduced chi-squared factor =
5.56 x 10"*) was obtained with a reference of a delithiated LMO, for which the authors® estimated a 9%
Li content with respect to the initial LMO pristine powder. Li,MnO33 and MnO3? were included to the fit.
The lower white line intensity of the uncoated sample correlates with the abundant presence of the
two side product (chi-squared factor = 8.1 x 10%). In figure S1, LCF have been carried out on the
uncoated samples, using the coated sample at 3 V as a reference for LiMn;04 and the charged one as
delithiated reference (LixMn20a). It is shown how the inclusion of the XANES of the side products
correlates with the reduction of the intensity of the white line.
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Figure S1. Linear Combination fit of the uncoated samples at 3 (a) and 4.35 V (b), using the coated samples as references.

Sample CcC-3v C-4.35V MnO LizMﬂzO4 LizMn03
u-3v 96.0+0.4 4.0+0.7
U-435V 84.4+0.7 3.2+0.2 12.4+0.7

Table S2. Species concentration (%) obtained via LCF of the uncoated sample. Fit were realized using the coated sample at the
same potential as a reference, and including the expected side products.

2. EXAFS Analysis

The starting structure utilized for the EXAFS analysis at the Mn k-edge is the cubic spinel LiMn204° .
Sample C—3 V was fitted (R = 1.09x10°°) with excellent agreement with the reference. The best fit of
the uncoated sample at 3 V was realized adding to the same structure the first Mn-O shell simulated
from tetragonal LizMn,04 7, obtaining an R factor of 1.13x10°®. Fig. S2 (right) shows the lower Mn-
Mn/Mn-0O intensity ratio on the Fourier transform of the uncoated sample, as well as the decrease of
the other scattering peaks intensity. This is in agreement with the formation of LizMn204 .

Sample C—4.35 V was again fitted from the same cubic LMO structure, obtaining a R factor of
3.66x10°®. To improve the fit of the uncoated charged sample, the first shell of MnO* and Li;MnO3®
were included into the fit (R factor = 3.84x10°®), considering a tetrahedral coordination of the Mn
atoms in MnO. The presence of these side products, as shown by Fig. S2 (left), is pinpointed by the
broadening between the first two shells and the Mn-0 intensity decrease.

S2



Mn-O - Mn-Mn —C-435V ? ——C-3.0V

i \ ——U-435V i Mn-O ! Mn-Mn ——U-30Vv
6 =--=MnO (Mn-0) : = = Li,Mn,0, (Mn-0)
; L Li,MnQO; (Mn-O) ‘

»
T

FT [K%.x(k)]

Figure S2. Comparison of the FT of the EXAFS spectra relative to coated and uncoated sample at 4.35 V (left) and 3 V (right). The
side products signal included to the fit are shown.

3. Structure Diagrams

Li de-intercalation is expected to result in the formation of LI\Mn,0.. The complete Li extraction, when the
distortions are limited and the cubic structure is preserved, result in the formation of a spinel-like MnO; structure,
A-MnO,, that maintain the original symmetry.

3V -LiMn,O, ' 435V - Li,Mn,0, )\—Mn2
cubic Fd-3m cubic F-4,m cubic Fd-3m

Figure S3. Diagram of the Li extraction during the charging process of spinel cubic LMO.
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