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S1. Electrode porosity calculation

The electrode porosity is estimated as follows:

Apparent coating densit
Electrode Porosity (%) =1 - ( pp g y )

Theoretical compact coating density

The theoretical compact coating density is calculated based on the rule of mixtures, considering
the bulk density (P) and weight fraction of each composite component, as follows:

1

Theoretical compact coating density =
NFM Wc Wbinder
+—+

PNEM Pc Pbinder

where W, is the weight fraction of the i component; NFM is NaNi,;;Fe;3Mn, 30, and ¢ stands for
carbons (Timcal C-45, Tuball SWCNT). The densities of the materials are as reported by the
manufacturer and assume no porosity within the particles.

The apparent coating density is calculated by the ratio weight/geometric volume using several
electrode samples from which the average weight and thickness are determined. Naturally, the
current collector properties are subtracted in the calculation. The electrode thickness is measured
using a digital micrometer.

Table S1. NFM111 electrode composition and cell chemistry.



NEMI111 electrode (single-sided; calendered)
95 wt% NaNi,;3Fe 3Mn; 30, (Gelon)
2.95 wt% Timcal C-45 + 0.05 wt.% Tuball SWCNT
2 wt% Solvay 5130 PVDF Binder

Al Foil Thickness 20 pm
Total Electrode Thickness 156 um
Coating Thickness 136 um
Porosity 34.4 %
Total Coating Density 2.75 g/em?
Total Coating Loading 37.4 mg/cm?
NFM111 Loading 35.5 mg/cm?

Separator: Glass Fiber (Whatman, Grade GF/F)
Electrolyte: 1M NaClO, in PC + 5 wt% FEC
Na-metal: Purchased as cubes (Sigma-Aldrich)

Figures

— ] i — F
Cathode/ ——
Coating " - T o ™~
.
Si-substrate pu

F = Forces on coating

o = in-plane stresses

t, = Substrate thickness

K = Substrate mid-plane
curvature

-




Fig. S1. Schematic shows that the typical stress state in a thin film coating on a substrate is in-
plane equibiaxial stress (o), because the expansion/contraction of the film is constrained by the
substrate. The out of plane stress, i.e., stress in z direction is zero as the film is free to
expand/contract in that direction.!
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Figure S2. Discharge (sodiation) capacity of NFM111 electrode vs. cycle number at the indicated
currents. In addition to the NFM111, the coin cell contained a Na-metal counter electrode, glass
fiber separator and an electrolyte with 1M NaClOysalt in PC+ 5 wt% FEC solvent.
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Figure S3. Steps of the beaker cell assembly: (a) Na foil with embedded Cu-wire placed in a
Teflon beaker, (b) Aluminum current collector of the NFM111 electrode bonded to Si-wafer, (c)
NFEMI111 electrode stacked on top of Na foil with a separator in between to prevent physical
contact, (d) covering the beaker with a stainless-steel lid comprising a glass window. (e) shows an
assembled beaker cell, placed inside a glovebox, with electrical connections for the
electrochemical cycling and optical arrangements for the substrate-curvature measurement.



(

2

Electrolyte wetting of NFM
0.6 Nominal stress
w
o |
g ]
m A
2 1
E 4
n j
w© 0.24
£ 1
£ ]
— _
0.0+
(b) 45
1 Na-NFM Galvanostatic
| =—Potential —— Stress |
| | =
= 27 ! 140 g
< . 3
| @©
= ! 2
B 0- 139 5
o >
& b
i T - 30 —
E ) @
= =2 1 o
& 1 @
=] | -6
pd [ 12.5 o
1 |
-4 1+
|Soaking  1st Cycle 2nd Cycle 3rd Cycle | ] 20

0 25 50 75 100 125 150
Time (h)

Figure S4. (a) Stress evolution in the NFM111 electrode due to wetting by the electrolyte, prior
to any electrochemical cycling, (b) Potential and stress evolution in the NFM111 electrode during
3 galvanostatic cycles conducted in a beaker cell, with a current of 0.2 mA/cm?.



Deposited mossy sodium
on Na-foil and separator
(after 3 cycles)

Figure SS. Changes to the Na-foil counter electrode after 3 cycles between 2.0 — 4.1 V vs. Na.
Note that the high capacity high (~5 mAh cm) transferred during these cycles aggravates
degradation of the Na-metal.
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Figure S6. Potential and stress evolution in the NFM111 electrode during 4th galvanostatic cycle
(after reassembling the cell with fresh Na foil), with a current of 0.2 mA/cm?.
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Figure S7. (a) Potential and stress of NFM111 electrode as a function of areal capacity showing
different stages of stress during the 2" cycle between 2- 4.1 V. (b) has the corresponding
differential capacity (dQ/dV) plot.
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Figure S8. Comparison of stress data (from this study) with unit cell volume change from the
research literature (Jiang et al., Carbon Neutralization, 2024 ?) observed during Na* extraction
from NFM electrode.
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