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XRD Analysis of the Si Powder

Table S1. Starting models used in Rietveld refinement.

Model Reference

Si Többens et al.1

Ag Swathi et al.2

Al Didier et al.3

Fe Kohlhaas et al.4

Ni Conway & Prior et al.5

Ti Wasilewski et al.6

Y Spedding et al.7

Table S2. Fitting parameters for the Rietveld refinement of the metal-decorated Si powders.

Material Rwp χ2

SiAg 9.996% 2.642

SiAl 8.520% 2.385

SiFe 2.867% 1.323

SiNi 3.616% 2.095

SiTi 10.137% 2.486

SiY 9.145% 2.933

Table S3. SiM cell parameters.

Sample Si cell parameter (Å)

SiAg 5.4302(3)

SiAl 5.43059(14)
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SiFe 5.43299(16)

SiNi 5.4302(3)

SiTi 5.4330(2)

SiY 5.4299(3)

Si 5.4311(5)

Scanning Electron Microscopy

Figure S1. a) TEM images of the SiAg particle and b) surface SEM-EDX images of the pristine 
SiAg electrode.
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Scanning Spreading Resistance Microscopy (SSRM) of the Electrodes

Figure S2. Average resistance of the electrodes prepared from the baseline Si and metal-
decorated Si powders obtained from SSRM-AFM measurements.

Electrochemical Tests of the SiM Electrodes

Figure S3. First cycle half-cell charge-discharge profile of SiAg.
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Figure S4. Voltage profiles of a) SiNi, b) SiFe, c) SiAl, and d) SiY during cycling in half-cell 
configuration.

Table S4. Coulombic efficiencies of the SiM half cells.

20th Cycle 40th Cycle 60th Cycle 80th Cycle 100th Cycle
Baseline Si 100% 99.8% 99.2% 99.0% 99.7%

SiFe 100% 100% 100% 99.7% 99.4%
SiNi 100% 99.8% 99.6% 99.3% 99.3%
SiTi 100% 98.9% 98.5% 98.2% 98.5%
SiAg 99.7% 99.7% 99.7% 99.6% 99.5%
SiAl 99.2% 100% 99.9% 99.6% 99.5%
SiY 99.6% 99.2% 99.4% 99.6% 99.8%
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Electrochemical Impedance Spectroscopy Measurements in Half Cells

Figure S5. Nyquist profiles of a) SiNi, b) SiFe, c) SiTi, d) SiAg, e) SiAl, and f) SiY at delithiated 
states in half-cell configuration 
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Figure S6. Distribution of relaxation times (DRT) plots at different potentials during the first 
delithiation of a) baseline Si, b) SiNi, and c) SiAl, and DRT plots during cycling at delithiated 

states (delithiated at 1V) of d) baseline Si, e) SiNi, and f) SiAl.

XPS Analysis of the Electrodes

Table S5. Surface composition (at %) of the baseline Si electrode at different lithiation and 
delithiation potentials

Li F O C Si P N
250 mV 38.5 29.2 18.7 11.5 1.1 0.8 0.1
100 mV 32.8 35.2 9.6 17.9 3 1 0.6
50 mV 37.1 35.9 11 12.9 2 0.9 0.2
300 mV 36.2 36.7 9.8 14.5 1.7 0.8 0.3
450 mV 37.7 35.1 13.2 12.8 0 0.8 0.3
750 mV 34.9 20.1 25 18.9 0 0.8 0.1

1.5 V 36 23 21.5 18.3 0 0.9 0.1

Table S6. Surface composition (at %) of the SiNi electrode at different lithiation and delithiation 
potentials

Li F O C Si P N Ni
250 mV 25.9 28.9 13.8 22.6 3.8 3.4 1.4 0.1
100 mV 31.6 35.5 11.6 16.1 2.1 2.4 0.6 0.1
50 mV 34.7 19.7 24.8 19.6 0.1 0.7 0.1 0
300 mV 35.6 26.6 18.5 17.6 0.3 1.2 0.2 0
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450 mV 35.5 22.5 22.1 18.9 0 0.7 0.2 0
750 mV 37.3 23.8 20.7 17.2 0 0.8 0.1 0

1.5 V 36.5 21.7 22.7 18.2 0 0.8 0.1 0

Table S7. Surface composition (at %) of the SiAl electrode at different lithiation and delithiation 
potentials

Li F O C Si P N Al
250 mV 24.3 30.8 12.2 26.8 2.6 0.9 1.3 1.2
100 mV 37.1 38.7 8.7 12.5 2.2 0.0 0.6 0.3
50 mV 38.0 33.8 14.9 12.3 0.1 0.0 0.7 0.1
300 mV 36.1 32.9 12.9 17.0 0.0 0.0 0.7 0.2
450 mV 28.7 14.1 21.0 35.3 0.0 0.5 0.2 0.1
750 mV 36.3 23.6 22.3 17.2 0.0 0.3 0.1 0.2

1.5 V 34.1 16.0 28.2 20.9 0.0 0.5 0.1 0.1

Electrochemical Performance of SiM in Full Cells

Figure S7. Full cell cycling behavior of select SiM with NMC811 with an areal loading of a) 
2.59 mAh cm-2 and b) 4.0 mAh cm-2
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