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Supplement information S1.
Calculation Methods for Gravimetric and Volumetric capacities

In this study, both gravimetric and volumetric capacities were calculated at the
electrode level, explicitly accounting for all electrode components, including active
materials, inactive components, and the current collector. This approach enables a fair

and practical comparison of different anode architectures reported in the literature.
Electrode-Level Capacity Relationships

The relationship between gravimetric capacity and volumetric capacity at the electrode

level is expressed as:
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where the electrode thickness and density include contributions from all components of

the electrode.



Electrode Thickness

The electrode thickness (cm) corresponds to the total thickness of all electrode
components. If substrate information was not explicitly reported in the original reference,

a copper current collector with a thickness of 10 um was assumed.
Electrode-Level Density Calculation

The electrode-level density was estimated using the rule-of-mixtures method, based on

the reported material composition for alloy or composite foils.

For Sn or Sn-based composite materials deposited on a substrate, the density was
calculated using the reported deposition parameters (mass, thickness, and electrode area),

according to:
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Specific Capacity at the Electrode Level

The specific capacity at the electrode level was calculated using the reported deposited

mass, electrode thickness, and geometric area:

. . . mAh
Gravimetric Capacity|
Gelectrode,

mAh Yacti terial

Areal Capacity(—) Active Gravimetric Capacity( deivemarera
2 . . 2

cm active material cm

= = 3)
 [Yetectrode  (Yelectrode
mass loading| ——— mass loading| ———

om? 2

)x Active material loading(

cm

When specific capacity values were reported relative to the cathode (e.g., mAh g* of
cathode), the corresponding areal capacity was first obtained by multiplying the reported

specific capacity by the cathode mass loading (mg cm2). If the anode and cathode areas



differed, the smaller electrode area was used for all capacity calculations to ensure

consistency.
Mass Loading Definition

The electrode-level mass loading (gejectroge €M) includes the total mass of all electrode
components, including active material, inactive material, and the current collector.
If substrate information was not provided, a 10 pm-thick copper current collector was

assumed.

Material Densities

The densities of Sn-based anode materials were calculated using the rule-of-mixtures
approach. The elemental densities used in this work are listed below: Cu = 8.96 g cm™,
Sn=7.287 gcm>3,Ni=8.9 gcm3, Ti=4.506 g cm=, Co =8.86 gcm=, Zn="7.134 g cm™3,
Sb=6.68 g cm?.

Table S1 Summary of Electrode-Level Performance of Sn-Based Anodes. Superscript
numbers next to material names indicate reference numbers cited in the main text. The
area (cm?) refers to the geometric area of the tested sample. The thickness (cm) represents
the total thickness of all electrode components. The mass loading (mg cm2) includes all
components of the electrode. Both gravimetric (mAh g') and volumetric (mAh cm™3)
capacities were calculated at the electrode level, considering all components. When a
formation cycle was employed, the values from the initial formation cycle were used.
Number-of- cycle life (“Ng,”) is defined as the number of cycles at which the charge
capacity/delithiation capacity (half-cell) or discharge capacity (full cell) decreases to 80%
of its initial value. If the 80% capacity retention threshold is not reached within the

reported cycling window, the last available cycle is taken as the “N,,.,”; these are right-
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censored endpoints (limited by reporting length) and do not imply 80% retention. In the
cell configuration, the half cell with Li electrode (Li denotes lithium metal) ), LLI is
limited lithium inventory test in half-cell,>*1 the full cell with cathodes electrodes in
which LFP is LiFePO,; NCM523, NCM&11, and NMC622 refer to Li(Ni,Co,Mn,)O,
cathode materials with molar ratios of 5:2:3, 8:1:1, and 6:2:2, respectively. “N/A”
indicates information not available or not specified in the original reference. The

references cited in this table have been listed in the article’s reference list.

Mass Capacity at 1% cycle
Area Thickness Density  Cell configuration
Sample Substrate loading Gravimetric Volumetric Ng Npax
(cm?) cm (mg cm™) (Cutoft)
(mg cm™) (mAh g') (mAh cm?)
Graphite!!!  Cufoil 1.54 0.0072 0.01887 2.621 Li 179.73 471.04 - 100
(0.005-1.5V)
10Sn-CB31 Nifoam 0.785  0.0075 0.01234 1.645 Li 414.59 682 95 -
(0.01-2V)
15Sn-C¥  Nifoam 0.785  0.0075 0.01459 1.945 Li 533.16 1037 72 -
(0.01-2V)
20Sn-Ci3l Ni foam 0.785  0.0075 0.01759 2.345 Li 576.55 1352 48 -
(0.01-2V)
Cu-Sn-354 Cufoam 1.1304  0.0500 0.00320 0.064 Li 684.49 43.78 - 200
(0.01-3V)
Sn-Cul”! Cu foil 1 0.0011 0.00961 8.73 Li 30.15 263.28 - 80
(0.1-1.25V)
33Sn-AlP2 Cu foil 1 0.0015 0.0096 6.4 Li 40.13 256.85 2 -
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Li 69.95
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1.5V)

Li 183.4
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1.5V)

Li 1753

(LLI: 225 mAh g!,
1.5V)

LFP_12mg cm? 22.77

(1.8-2.4V)

NCMS811_234mgem? 14214
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LFP_1.8 mgcm™ 4.63
(2.0-3.7V)

LFP_7.1 mg cm? 19.12
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0.03986

5.415

3.971

7.246
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