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Figure S1. (a) X-ray diffraction of lithium alloys. (b) Zoomed panel showing peak shift with increased
magnesium content.

Figure S2. (a) SEM image of Li+5at%Mg sample surface. (b) Corresponding energy dispersive x-ray
spectroscopy (EDX) map of Li+5at%Mg sample. Showing homogeneous Mg distribution throughout the
sample.
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Figure S3. EBSD map of dendritic Li+20at%Mg microstructure. (a) EBSD IPF Z map. Large
regions with similar orientation are observed. (b) Band constrast of same region. Shows clear sub-grain
boundaries within dendritic regions.

Example of a dendritic solidification microstructure in Li+20at%Mg alloy, slow cooled overnight in a
furnace from 450◦C. Large regions can be seen in the orientation map, with grain boundaries visible in
the band contrast map, and in unresolved orientation points. This microstructure is the result of dendritic
solidification due to constitutional supercooling.

3



5

Figure S4. XPS data of Mg sputtered in-situ onto Li6PS5Cl. Core-level XPS spectra collected at 5 min
intervals during Mg sputtering conducted over a total period of 30 mins, for (a) Mg 1s, (b) Li 1s, (c) O 1s,
(d) S 2p, (e) Cl 2p, and (f) P 2p transitions.

To investigate the possible reaction products formed from the presence of magnesium within the alloy
anodes, pure magnesium metal was sputtered in-situ [1] onto an argyrodite pellet using an Ar+ ion gun
and the evolving interphase was characterised using x-ray photoemission spectroscopy (XPS). Fig. S4A-B
show core-level XPS spectra for the Mg 1s and Li 1s transitions from the surface of the pellet, at various
intervals during etching of a magnesium foil. The initial oxygen 1s spectra reveals the presence of surface
contamination comprising typically of carbonates, bicarbonates and hydroxides, whose intensity reduces with
increased Mg sputtering. After just five minutes of sputtering (at an Ar+ ion accelerating voltage of 4 kV) a
peak characteristic of magnesium oxide appears at a binding energy (B.E.) of 1303 eV in the Mg 1s spectra,
with an equivalent peak appearing in the oxygen 1s spectra at a B.E. of 529 eV [2]. Despite the very
low oxygen content of the XPS chamber, the metallic magnesium layer deposited can easily react to form
MgO [3, 4]. Further magnesium sputtering results in the appearance of another Mg 1s peak at a lower B.E.
(∼1301 eV) characteristic of metallic magnesium, that increases in intensity as sputtering proceeds for longer
periods. The electrochemical potential of pure magnesium is well below the stability window of Li6PS5Cl,
so it will be reduced with magnesium deposition. Li6PS5Cl reacts with lithium to form Li2S, suggesting
that the S2– is weakly bound within the PS4

3– tetrahedron. [5]. The growth of a peak at the lower B.E.
shoulder (∼160 eV) in the S 2p spectra (Fig. S4D) could be indicative of the formation of MgS [6] but is
indistinguishable from an Li2S peak. The same is true in the Mg 1s spectra, where any MgS peak would
be at a B.E. similar to that of MgO [7, 8], but the growth of this peak after 15 minutes perhaps suggests
the formation of MgS. No significant changes in the Cl 2p spectra were observed (Fig. S4E), likely due to
the proximity in B.E. values for the Cl in argyrodite and that in MgCl2, as has been noted previously for
LiCl [5]. Lastly, in the P 2p spectra (Fig. S4F) there is a broad feature between 126-130 eV, ascribed to the
formation of sub-phosphides which has equivalently been observed in the case of lithium sputtering [9], is
present in very low intensities between five and ten minutes of sputtering.
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Figure S5. XPS analysis to characterise native layer on alloy surface. Core-level XPS spectra for each
alloy composition for O 1s, C 1s, Mg 2s, Li 1s and Mg 2p conducted at 15-minute intervals during argon
sputtering conducted over a total period of 60 mins. (a) Li+5%Mg, (b) Li+10%Mg, (c) Li+20%Mg.
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6Li diffusion coefficient (×10–9 cm2s–1)
Temperature (◦C) Lithium 5% Mg 10% Mg 20% Mg

373.1 4.04(57) 1.26(14)
383.1 5.75(24) 3.36(90) 2.18(19)
393.1 8.83(37) 4.99(13) 3.00(10) 1.96(19)
403.1 11.9(11) 7.68(16) 4.60(16)
413.1 11.65(22) 4.57(30)
423.1 18.28(49) 6.41(36)
433.1 10.6(40)

Table S1. Diffusion coefficients measured with 6Li PFG-NMR.
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Figure S6. Chronopotentiometry with all curves for tested alloys. Selected representative data
reproduced in main text.

Figure S7. Modelled concentration profile over time in a lithium 5% magnesium alloy anode, with an
effective diffusivity of 1.52× 10–10cm2s–1.
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Diffusion model

Diffusion within lithium magnesium alloys was modelled using the Crank-Nicolson method as the analytical
solution has a boundary condition problem [10]. Fick’s second law of diffusion, equation (1), can be discretized
at a given point in space and time in either the implicit backward time, central space (BTCS) or the explicit
forward time, central space (FTCS).
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The Crank-Nicolson method averages these two, giving an expression that is stable for a general time
interval.
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, and rearrange to group the n+1 terms on the right-hand side.
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This set of simultaneous equations for C1 to CN can be written in matrix form. A compressed version of
this is of the form:
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The corners of this matrix differ due to boundary conditions. For insulative conditions:
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A constant flux condition was achieved computationally by modelling the right-hand boundary as insulative
and then subtracting from the boundary concentration each timestep.
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This expression can be rewritten as follows, and then Cn+1 solved by inversion and multiplication. The
matrix was stored in the sparse datatype, as most of the values are zero.
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This methodology is applicable to multi-dimensional systems and can be adapted to integrate concentration
dependent diffusion or spatially varied diffusivity. The concentration was started at 73.28, 69.71 and 62.47
mmolcm–3 for the 5, 10 and 20% alloys respectively; and the diffusion limit point was defined as the
solubility limit of the beta phase lithium (69%) or 25.20 mmolcm–3. These concentrations were calculated
using the lattice parameter trend from [11]. For the lithium case, the limit was defined as when the
surface concentration reached zero, from a starting concentration of 76.83 mmol/cm3, these lithium values
match the Cottrell equation. Diffusivity values were iterated such that the predicted time-to-limit matched
experimental data, giving effective diffusivity. As noted earlier, this simple diffusion model does not include
any modification of the diffusion behavior due to stress [12].
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