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Fig. S1. The equivalent circuit used to fit the EIS data.

This model is based on:
i) At high-frequency (HF) region:

Reiec: electrolyte resistance when Na* ions cross the electrolyte from one electrode to the
other.

Rspi: solid permeable interphase resistance

Cspi: capacitance of the electrode/electrolyte interphase

ii) At medium-frequency (MF) region:

Rcr: charge-transfer resistance

Co.: capacitance of the double layer formed onto active particles

iii) At low-frequency (LF) region:

R.: bulk electronic resistance

C.: charge accumulation at the surface of the particles or at intraparticles crystallite domains
Z,: Warburg diffusion linked to the solid-state diffusion of Na* ion inside the crystal

Ci: intercalation capacity due to the charge accumulation.
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Fig. S2. PXRD patterns refined by Rietveld method with hexagonal P6;/mmc symmetry of
pristine a) P2- Na,;3sMngsFeq,0, (MnFe) and b) P2- Na,;sMnggFeq 1 Tig 10, (MnFeTi) by FullProf
software.



b) MnFeTi

Fig. S3. [TuOg] octahedron (Ty, = Mn, Fe and/or Ti) of a, MnFe, b, MnFeTi and c, P2-
Na,/3MnggTip 2,0, (MnTi) samples obtained by Rietveld analysis and Ty-O distances (A).
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Fig. S4. Ti K-edge XANES spectra for the MnFeTi (red) and MnTi (black) and derivatives in the
inset.
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Fig. S5. Cyclic voltammetry profile of MnFeTi sample.
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Fig. S6. GITT profile of MnFe sample.
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Fig. S7. GITT profile of MnFeTi sample.
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Fig. S8. GITT profile of MnTi sample.
D 4 ﬂEﬁ'): (Equation S1)
. = guation
Nt T mAt, \AE,

L. characteristic diffusion length

‘MP: galvanostatic pulse duration

AE;: difference in OCV measured at the end of two sequential open-circuit relaxation step

AE.: voltage change with respect to the time during the constant current pulse
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Fig. S9. Dy," vs voltage in logarithmic scale of MnFe (blue), MnFeTi (red) and MnTi (black)
samples determined by GITT experiments.

The minimum of Dy,* at about 3.0 V vs Na*/Na is due to the reinforcement of short-range
interactions between intercalating Na* ion and intercalating sites, thus limiting the ion
mobility, around “equilibrium” potential. 2 Then, above 3.75 V vs Na*/Na, Dy,* decreases and
that could be related to the complex Na* ion extraction process.
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Fig. S10. Zoom of Nyquist plot of pristine electrodes of MnFe (blue squares) and MnFeTi (red
squares) samples in the frequency range of 100 kHz — 20 Hz.
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Fig. S11. Nyquist plots and corresponding fit for a), b) MnFe and c), d) MnFeTi in the frequency
range of 100 kHz —5 mHz at 4.2 V and 1.5 V vs Na*/Na, respectively. Inset frequency range

from 100 kHz to 1 Hz.
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Fig. S12. PXRD patterns of a) MnFe, b) MnFeTi and c) MnTi pristine and cycled electrodes.
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Fig. S13. Ty,-O distance distributions within [Ty,O¢] octahedra in MnFe, MnFeTi, and MnTi. Fe
and Ti distance distributions in MnFeTi have been multiplied by two in order to facilitate the
visualization.



DI expression as proposed by Warren:

DI = Z‘E |dMG’E _ {dMGH (Equation S2)
i=1 E{d}-’fﬂ'}

where i runs over the six Ty-O bonds of the octahedron and dy,; and <dyo> stand for the Ty-O
and the averaged Ty-O distances, respectively.
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Table S1. Mn oxidation state and percentage of Mn" and Mn" in MnFe, MnFeTi and MnTi
samples. The percentage was calculated by charge balance. On the one hand the oxidation
state of each transition metal was known by XANES and Mossbauer spectroscopy and on the
other hand Rietveld and ICP analysis indicate Mn:Fe, Mn:Fe:Ti and Mn:Ti ratio.

Sample Mn oxidation state Mn" (%) MnV (%)
MnFe +3.417 58.7 41.3
MnFeTi +3.292 71.2 28.8
MnTi +3.167 83.8 16.2
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Table S2. The used space group, refined cell parameters and the average distance between
transition metal (Ty, = Mn", Mn", Fe'", Ti") and oxygen are summarized.

Cell parameters

Sample Space group Twm-O distance (A)
a(A) b(A) c(A)
MnFe P6s/mmc 2.9106(2) 2.9106(2) 11.1932(7) 1.90(2)
MnFeTi P63/mmc 2.9132(2) 2.9132(2) 11.1819(6) 1.97(2)
P6;/mmc 2.9130(9) 2.9130(9) 11.170(3) 1.97(2)
MnTi
Cmcm 2.8850(3) 5.1985(5) 11.1705(5) 2.24(4) & 1.89(2)
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Table S3. Refined crystallographic parameters for pristine MnFe, MnFeTi and MnTi (taking into
account both symmetries) and reliability factors.

Atom Wyckoff SOF
NMFO (P6,/mmc)
Mn 2a 0 0 0 0.8
Fe 2a 0 0 0 0.2
0 af 0.33 0.66 0.080(3) 1.0
Na(1) 2b 0 0 0.25 0.33(2)
Na(2) 2d 0.33 0.66 0.75 0.34(2)
Reliability factors
X2 Rp Rwp
4.3 5.44% 5.59%
NMFTO (P65/mmc)
Mn 2a 0 0 0 0.8
Fe 2a 0 0 0 0.1
Ti 2a 0 0 0 0.1
] af 0.33 0.66 0.091(4) 1.0
Na(1) 2b 0 0 0.25 0.35(1)
Na(2) 2d 0. 0.66 0.75 0.32(1)
Reliability factors
X? Rp Rwp
1.79 3.36% 4.32%
NMTO (P65;/mmc)
Mn 2a 0 0 0 0.8
Ti 2a 0 0 0 0.2
(o] Af 0.33 0.66 0.092(3) 1
Na(1) 2b 0 0 0.25 0.24(2)
Na(2) 2d 0.33 0.66 0.75 0.42(2)
Reliability factors
X? Rp Rwp
18.1 52.4% 45.4%
NMTO (Cmcm)
Mn 4a 0 0 0 0.8
Ti 4a 0 0 0 0.2
o] 8f 0 0.620(9) 0.906(3) 1.0
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Na(1) 4c -0.07(3) 0.25 0.31(2)
Na(2) 4c 0.62(2) 0.25 0.36(2)
Reliability factors
X? Rp Rwp
3.76 6.84% 6.39%
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Table S4. Resultant resistance values from the fits, using the equivalent circuit detailed in Fig.
S1 and shown in Fig. 4.

MnFe MnFeTi MnTi
Reiec (Ohm-cm?) 5.0 4.0 11
Rsp (Ohm-cm?) 2.9 4.3 64
Rer (Ohm-cm?) 6.0 22 109
R.(Ohm-cm?) 712 2,370 20,406
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Table S5. Calculated DFT mean values of Ty-O distances (A) in P2-Nay;sMnggFep,4Tix0,. The
two values in the Mn"' column correspond to the short (equatorial) and long (axial) distances.

X Mn"-0 Mn"-0 Fe"-0 TiV-0
0.00 1.961 1.977/2.213 2.049 -

0.10 1.953 1.970/2.246 2.051 1.999
0.20 1.953 1.964 / 2.270 - 1.997
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Table S6. Average interatomic distances and corresponding variances for the three
Na,;3sMng gFeq 4 TixO, samples as obtained from the EXAFS analysis. The two values correspond
to the short (equatorial) and long (axial) coordination shells having coordination numbers 4
and 2 respectively.

X Run-o (A) (equatorial) Runo(A) G wano (10_-3 Aoy 0%vn-0 (1073 A2) (axial)
(axial) (equatorial)

0.00 1.940(2) 2.298(10) 8.3(8) 6.8(7)

0.10 1.944(2) 2.303(10) 7.0(7) 7.0(7)

0.20 1.947(2) 2.297(10) 8.5(8) 7.6(8)
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