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Supplementary Figures

Fig. S1 Characterization of silk fibroin (SF) matrix from the top view. (a) Scanning electron
microscopy (SEM) images of SF matrix. (b) SEM image of single fiber in SF matrix the corresponding
elemental mapping of C, N, O, and F.



Fig. S2 Characterization of SF matrix from the cross-section view. SEM images of (a) cross-sectional
SF and (b) its corresponding enlarged area.
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Fig. S3 XPS characterization of SF matrix. (a) XPS survey of the as-achieved SF matrix, showing the
presence of F, O, N and C. (b) N 1s. (c) C 1s spectra and their deconvolution.
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Fig. S4 The energies of Li ions and the Li(200) surface without peptide chains.



Fig. S5 SEM images in different magnification of Li deposits (a, b) with and (c, d) without SF at a
current density of 0.5 mA cm2 with a capacity of 0.1 mAh cm2 in carbonate-based electrolytes.
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Fig. S6 Voltage hysteresis of two cells at different current densities. Enlarged voltage hysteresis at
different cycling times at (a) 1.0 mA cm2 and (b) 5.0 mA cm2. The Li deposition capacity was fixed
to 1.0 mAh cm2. (c) the hysteresis of different current density at 1.0 mAh cm=2 when the pristine
Li-based symmetric cell was stabilized. (d) Ratio of the voltage hysteresis of pristine Li symmetric
cell to the upright SF-Li based cell at different current densities at 1.0 mAh cm= when the cells
were stabilized.
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Fig. S7 Electrochemical performance comparison of cells based on pristine Li foil and upright SF-Li
anode. Voltage profiles comparison under a current density of (a) 3 mA cm2and (b) 5 mA cm?
with a cycling capacity of 1 mAh cm™2.
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Fig. S8 Cryo-TEM mapping images of Li deposited on the bare Cu grids, showing non-uniform Li
deposition and growth of dendrites are clearly visible at -0.05 V in ether-based electrolytes at 1
mA cm with a capacity of 0.5 mAh cm. (a). The needle-like dendrites from the N, O, C, Fand S
mapping images also indicate that SEI layer cover the as-deposited Li. (b) The spectrum of element

intensity obtained from (a).
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Fig. S9 (a) The effect of SF on the Li plating revealed by the cryo-TEM images via elemental
mapping, showing uniform distribution of F and S signals in the spherical Li nuclei at -0.05 V. (b)
the spectrum of element intensity obtained from the cryo-TEM element mapping. (c) cryo-TEM
elemental mapping images of SF-containing system at 0 V, showing SF partially dissolves into the
electrolyte and participate the SEI formation, as indicated by the uniform distribution of F and S.
(d) the spectrum of element intensity obtained from the cryo-TEM element mapping.
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Fig. $10 Cryo-TEM mapping images on the bare Cu grids upon SEl formation when SF is absent. (a).
The growth of SEI layer was conducted at 0 V in ether-based electrolytes at 0.05 mA cm-2. (b) The
spectrum of element intensity obtained from cryo-TEM EDX element analysis.
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Fig. S11 Cyclic voltammetry of half cells based on bare Cu, SF, and SF insulated by double-layer
polypropylene (PP), respectively at a scan rate of 1 mV s in ether-based electrolytes. The larger

integrated area in the SF-based cell suggest SF participates the electrochemical redox reaction
occurringat 1.5 V.
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Fig. S12 BCA protein assay for SEl on SF-Li anode. (a) The BCA assay showing the typical
chromogenic reaction of standard proteins, SEI on SF-Li anode, and SEl on pristine Li in BCA
reagent. The color of standard sample changes from light grey to deep purple as the protein
concentration increases. (b) The curve of the absorbance at 562 nm vs protein concentration is
plotted by the standard protein sample in (a), where the protein concentrations of the SEI on SF-
Li anode or pristine Li are highlighted (The protein concentration of SEl on SF-Li anode is 0.424
pg/uL and the SEI on pristine Li did not contain protein within the error range).
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Fig. S13 FTIR spectra of the pristine SF, SEl on SF-Li anode, and SEl on pristine Li after 20 cycles at

2 mA cm~2 with 1 mAh cm=2 in ether-based electrolytes. The peaks at 1512 and 879 cm! indicate

the presence of in-plane N-H bending and out-of-plane N-H bending.



Fig. S14 The conventional mosaic SEI in the Li deposited on the simple SF-containing Cu grid.



Fig. S15 Cryo-TEM reveals an emergent SEIl nanostructure formed at different test method. (a,b)
Li metal was deposited onto a Cu grid in DOL/DME/LINO; electrolyte using 1 M LiTFSI salt. (c,d) The
growth behavior of Li inside the SF-Li upright structure. (a,c) cryo-EM images of Li metal particles
showing the particle size. (b,d) cryo-TEM images of the SEl interface showing the SEIl thickness.
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Fig. S16 Electrochemical performance of cells based on the upright SF-Li anode pairing with LFP
cathode in presence of the ether-based electrolyte.
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Fig. S17 Nyquist plots of two full cells before cycling.



Supplementary Tables

Table S1. Galvanostatic cycling performance of upright SF-Li anode compared with other state-of-

the-art Li metal composite anodes.

Current /Capacity Lifespan Hysteresis Strategy Reference
(mA cm=2 / mAh cm~2) (h / cycle) (mV)
1/1 1450/ 725 25 3D@AI@LI 1
850/ 425 12 BGCF@Li 2
1600/ 800 48 Mn/G@Li 3
500/ 250 50 3D Li/Ni 4
3200 / 1475 14 Upright SF-Li This work
3/1 120/180 300 CF-Li 5
670/ 1000 100 g-PET host 6
100/ 150 50 Li@10Alucone 7
133 /200 150 carbonized wood 8
720/ 1080 15 Upright SF-Li This work
5/1 80/200 50 PMF foam 9
84 /210 200 Zn0O-/CNT-coated-Li 10
130/ 325 160 GZCNT interfacial layer u
40/ 100 125 OIFN film 12
500 / 1250 35 Upright SF-Li This work




Table S2. The relevant atomic and mass fraction of various elements upon Li plating measured
through EDX elemental analysis with SF a), and without SF b) on the Cu grids supported on the Cu
foil.

a

Atomic fraction ratio Mass fraction ratio Atomic fraction ratio I Mass fraction ratio

Nne1os | N/e123 | N/cos8 | N/Co67
o/c:21.97 |  o/c2924 | o/c1222 | 0/c:16.28

m Atomic fraction(%) | Mass fraction(%) m Atomic fraction(%) | Mass fraction(%)

N 4.25867 3.74897 N 4.06949 3.61148
F 2.41877 2.88811 k oA S99
(0] 88.7496 89.2427 o] 85.7718 86.9474
5 0.53020 1.06849 S 0.38533 0.78283
c 4.04277 SI05175 G 7.01582 5.33893



Table S3. The relevant atomic and mass fraction of various elements upon SEl formation measured
through EDX elemental analysis with SF a) and without SF b) on the Cu grids supported on the Cu

foil.
b
Atomic fraction ratio Mass fraction ratio
N/C:0.86 | N/C:1.00 N/c:o2s | N/co3o |

o/c:686 | o/c914 | o/cies | o/c224 |

m Atomic fraction(%) | Mass fraction(%) m Atomic fraction(%) | Mass fraction(%)

N 8.17716 7.15234 N 7.07846 6.43251
E 16.8209 19:9567 E 17.2489 21.2610
(0] 65.1805 6581225 0 46.8279 48.6087
S 0.32150 0.64377 S 0.93811 105161
C 9.49996 7.12525 € 27.9067 21.7462



Table S4. EIS simulation results from Figure 5e and Figure S16

Battery Before cycling After 150 cycles
sample Rs(Q) R{(Q) R«(Q) R{(Q)
Pristine Li//LFP 6.154 36.7 4.502 73.44

Upright SF-Li//LFP 10.081 1914 6.033 37.66




Table S5. The capacity and cycling lifespan of the upright SF-Li//LFP cell compared with other state-

of-the-art Li metal composite //LFP cell.

Current Cathode Electrolyte Cycling Capacity Strategy Reference
density loading(mg cm2) Type Time (h) retention
1C 10 Carbonate 700 78 CP-NCNS-Li 13
electrolyte
1C 125 Ether-based 500 90.5 LCNM-Ni-Li 14
Electrolyte
1C 10.45 Carbonate 600 99 SR-G-Li 15
electrolyte
4c 7.85 Carbonate 300 76.3 3DCP-Li 16
electrolyte
2C 3.55 Carbonate 500 90 CF-Li 7
electrolyte
1C 5 Carbonate 1600 93 Upright SF-Li This work

electrolyte
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