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Experimental set-up for the synthesis of Na-rich MnHCF

™
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Figure S1. Sketch illustrating the experimental set-up adopted for the synthesis of Na-rich MnHCF.
Material characterization

TG analysis evidences a double-step loss of water molecules in the first 200°C (cf. Figure S2). The
first loss occurs at relatively low temperature, while the second step is centered at 171.2°C (cf. inset
Figure S2 and Table S1). As reported in the literature[16,32,33], PBAs often display a double-step
loss of water, the first ascribable to adsorbed H,O, the second to interstitial H,O. We can, therefore,
deduce that the amount of interstitial water in the hydrated compound corresponds to 8.6% of the
total weight. Mass losses of minor entities are observed at roughly 350°C and 450°C, evidencing

good thermal stability of the material at high temperatures.
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Figure S2. TGA curve recorded for the Na-rich MnHCF powder before vacuum-drying. The inset

illustrates the derivative curve of the mass loss with respect to the temperature.

Table S1. Mass losses and respective temperature ranges from TG analysis.

First step Second step
Initial T loss/ °C 40.0 129.0
Max T loss / °C 100.0 171.2
Final T loss / °C 129.0 199.0
AT range / °C 89.0 70.0
Mass loss / % 3.7 8.6

As retrieved from ICP measurements, the Na/Mn/Fe ratios is equal to 1.9/1.1/1.0 leading to the

assumption that the considered compound presents a 10% of ferrocyanide ([Fe(CN)g]*) vacancies.



Moreover, due to the high content of sodium per unit formula, the obtained compound can be
assumed as sodium-rich. Overall, the material stoichiometry can be written as Na; oMn; 1[Fe(CN)¢]

2.1H,0.

Table S2. Details on Na-rich MnHCF powder refinement: lattice parameters, fit goodness, and

atomic positions.

Space group P2:/n
Symmetry operations X, Y, Z
X, =Y, -Z

-X+1/2, y+1/2, -
z+1/2

x+1/2, -y+1/2,

z+1/2
alA 10.562 + 0.005
b/A 7.534 + 0.004
c/A 7.356 + 0.004
B/deg 92.01£0.04
Cell volume / A® 584.9q
Rwp 14.2
e 9.49

Coordinates

Atom label X Y Z Wyckoff site position
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Ex situ electrodes
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Figure S3. Electrochemical curves for all ex situ electrodes.



Pre-edge analysis

Pre-edge peaks analysis was carried out through the Peak analyzer tool of OriginPro 9 software.
The baseline was obtained by fitting a polynomial function in the 6530-6550 eV range. Only two
peaks and their centroid positions were considered, even though more transitions contribute to the
peak shape. In particular, fully charged samples, i.e., LiFC, LiFC2, NaFC, and NaFC2, display a
large peak width for the peak centered at 6546 eV (peak B), symptom of the occurrence of at least
two transitions at this energy, likely due to the transitions to the 4p (as for discharged and pristine
samples) and d,>,” orbitals. Indeed, dy>,” and the other 3d orbitals (dy, Oy, dy;, d,) are well
separated in energy after JT-elongation (as reported in Ref. [18]), occurring in concomitance with

the oxidation of Mn?" to Mn®".

Table S3. Mn pre-peak analysis on ex situ samples.

Sample Peak A/eV Peak B / eV

Pristine 6540.52 6546.07
LiFC 6540.45 6546.95
LiFD 6540.39 6546.07
LiFC2 6540.45 6546.65
NaFC 6540.45 6546.81
NaFD 6540.43 6546.07
NaFC2 6540.45 6546.65
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Figure S4. Pre-edge analysis on ex situ samples. (a) Pristine; (b) LiFC; (c) LiFD; (d) LiFC2; (e)

NaFC; (f) NaFD; (g) NaFC2.



EXAFS analysis

Due to the extended Mn-NC-Fe network, both C=N and Fe-C bond lengths are affected by the Mn

JT-effect: in the charged states, Fe-C lengthens shortly, while CN shortens by a small extent. Bond

lengths are completely restored to initial values in the reduced state.

In the preliminary EXAFS data analysis, asymmetric Mn-Ng octahedra were considered for all
states of charge, i.e., two Mn-N distances corresponding to Mn-Naia and Mn-Neguatorial Were
retrieved. As presented in Table S4, Mn-N distances in the reduced states (LiFD and NaFD)
assume close values whose average is about 2.18 A. Contrarily, the Mn-Ng asymmetry, hence
distortion, is enhanced in the oxidized states, where evaluated Mn-Nayia and Mn-Neguatoriai distances
differ by 10%. To minimize the number of refinable parameters, two structural models were
considered for reduced and oxidized states, adopting a symmetric Mn-N shell for the former and an

asymmetric Mn site environment for the latter.

Table S4. EXAFS preliminary data treatment. Two Mn-N distances were considered for all states

of charge.
LiFD NaFD LiFC LiFC2 NaFC NaFC2
MN-Ngyia / A 2.21 2.18 2.24 2.23 2.24 2.25
Mn-Neguatorial / A 2.16 2.17 2.01 1.99 2.00 2.00

Table S5. EXAFS fitting results.




Pristine LiFD NaFD LiFC LiFC2 NaFC NaFC2
Fe-C/A 1.876(5) 1.876(5) 1.875(4) 1.901(3) 1.906(2) 1.902(2) 1.906(2)
o’ Fe-C/ A? 0.003(1) 0.0033(6) | 0.0031(4) 0.0023(4) 0.0022(4) | 0.0025(4) | 0.0021(3)
C=N/A 1.183(4) 1.181(4) 1.183(4) 1.162(5) 1.161(4) 1.162(3) 1.161(4)
c2C=N/A? 0.010(4) 0.010(2) | 0.008(1) 0.0084(7) 0.0075(7) | 0.011(2) | 0.007(1)
Mn-N/A 2.18(1)* 2.177(8)* 2.182(9)* 1.954(6)** 1.960(8)** | 1.96(1)** | 1.960(8)**
o2 Mn-N / A2 0.0065(15) 0.0066 0.0072 0.007(2) 0.008(2) | 0.006(2) | 0.008(2)
Mn-N/ A 2.192y*** | 2.22(2)*** | 2.22(2)*** | 2.22(2)***
o2 Mn-N / A2 0.017(7) 0.009(4) | 0.009(4) | 0.009(4)
o Fe-C-N/ deg® 45(20) 43(25) 45(20) 30(8) 30(8) 25(7) 30(9)
o2 Mn-N-C / deg? 5(4) 7(5) 4(3) 7(6) 8(7) 15(8) 8(7)
6 Fe-C-N / deg 175 175 175 180 180 180 180
0 Mn-N-C / deg FIX FIX FIX FIX FIX FIX FIX
EO Mn 6541(1) 6542(1) 6541(1) 6544(1) 6544(1) 6545(1) 6544(1)
EO Fe 7118.3(6) | 7117.4(4) | 7117.4(5) 7118(1) 7118(1) 7118(1) 7118(1)
S02 Fe 0.65(3) fix fix fix fix Fix Fix
S02 Co 0.81(3) fix fix fix fix Fix Fix
al2l A
»*-like residual / (10°) 3.79 3.91 4.61 211 2.65 2.33 2.16

*CN =6. **CN=4. ***CN=2
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Figure S5. Comparison between experimental and theoretical EXAFS signals at the Mn and Fe K-

edges for pristine state.
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Figure S6. Comparison between experimental and theoretical EXAFS signals at the Mn and Fe K-

edges for LiFC, LiFD, and LiFC2.
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Figure S7. Comparison between experimental and theoretical EXAFS signals at the Mn and Fe K-

edges for NaFC, NaFD, and NaFC2.





