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Experimental Characterizations

Structural Characterization

The structure of the as-synthesized P2-NazsMgasFe29Mns»O2 material was studied
using X-ray diffraction (Lab XRD, Rigaku X-ray diffractometer) technique. High-resolu-
tion Powder X-ray diffraction (HRPD) data were collected at 9B beamline of Pohang Ac-
celeration Laboratory (PAL, South Korea) using a monochromated x-ray with a wave-
length (A) of 1.5183 A.

Field emission-scanning electron microscopy (FE-SEM, JEOL-JSM-6700F) coupled
with Energy Dispersive Spectroscopy (EDS) was used to examine the morphology and
elemental mapping. The chemical composition and surface electronic states were investi-
gated by X-ray photoelectron spectrometry (XPS, NEXSA, Thermo Fisher Scientific, USA).
ICP-OES was performed using a Perkin Elmer 3000 DV optical emission plasma spectrom-
eter.

Electrochemical Characterization

We made the slurry containing the synthesized active material, carbon black (Super
P) and polyvinylidene fluoride (PVDF) binder (Sigma-Aldrich) with the weight ratio of
8:1:1 in N-methyl-2-pyrrolidone (NMP). The mixed slurry was cast onto an Al foil current
collector. The prepared electrode was dried in a vacuum oven at 80 °C for 12 h prior to
use as the working electrode. Then, coin-type half cells (CR2032) were assembled with a
Na counter electrode, the prepared working electrode, a glass separator, and an electro-
lyte composed of 1.2 M NaPFs in ethylene carbonate/dimethyl carbonate (DMC)/ propyl-
ene carbonate (PC). (9:9:2 volume ratio). A battery testing system NEWARE (BT7.6.0) was
used for the electrochemical test.

Hard and Soft X-ray Experiments

For ex-situ XRD and XAS analysis, the cells were disassembled in an argon-filled
glove box, then the electrodes were carefully washed with propylene carbonate and di-
methyl carbonate, and then vacuum sealed in a plastic bag after drying to protect them
from exposure to air during transfer to the XRD and XAS chambers. The ex-situ XAS
measurements of the Mn and Fe K-edge were performed at 7D, 8C and 10C beamlines of
the Pohang Accelerations Laboratories (PAL). The energy was selected using a Si(111)
double-crystal monochromator (detuned to ~40% of the maximum intensity). Pure cobalt
and nickel metallic foils were used as a reference to cali-brate the respective spectra. The
energy was scanned from -200 eV below to +1000 eV above the respective edges, and the
spectra of the electrodes were recorded in the trans-mission mode. The XAS data were
handled and processed using the ATHENA package. For soft X-ray (sXAS) experiments,
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samples were transferred to the analysis chamber for testing under ultra-high vacuum.
The ex-situ sXAS measurements of the Mn L:3-edge and O K-edge were performed at 10D
and 10A1 beamlines of the Pohang Accelerations Laboratories (PAL). The soft X-ray ab-
sorption spectra (sXAS) in TFY and TEY mode were normalized by a gold mesh in the end
station.

In-situ XRD

In situ XRD data were collected at 6D-UNIST beamline of PAL in a transmission
mode using X-ray with A = 0.5949 A. CR2032 coin cell with a 3 mm hole in the
disk/lower/upper caps to allow the penetration of X-rays was used to conduct in situ XRD
and cycling was conducted using a 10 mA g current density.
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Figure S1. High-resolution powder XRD pattern for the P2-NazsMgz9Fe29Mns9O2 (NFM-Mg) com-
pound.
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Figure S2. (a) Galvanostatic voltage profiles, and (b) dQ/dV curves of the P2-NazsFe12Mn1202
(NEFM) cathode material.

Table S1. SEM-EDS analysis result for the P2-NazsMg29Fe29Mns9Oz cathode material.

Element Weight% MDL Atomic% Error%
oK 36.0 0.27 56.3 7.8
Na K 18.3 0.4 19.9 10.3
Mg K 5.2 0.3 54 111
Mn K 29.0 0.93 13.2 5.0

Fe K 11.5 1.39 5.1 8.9




