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Fig. S1 Molecular structure of melamine.
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Fig. S2 Infrared spectra.
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Fig. S3 XPS Ag 3d spectra of Ag;4@NC and Ag, ;@C.
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Fig. S4 Inductively coupled plasma-optical emission spectrometric (ICP-OES) silver spectra.
(a) Agis@NC. (b) Ag;3@C. The silver intensity of Ag;4@NC was four times higher than that
of Ag;3@C, which is consistent with the weight difference in silver loading amount between

Ag4@NC and Ag; ;@C scaffolds.
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Fig. S5 EDS quantification for silver

. (a) Agis@NC. (b) Ag; 3@C.
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Fig. S6 Three-dimensional time-of-flight secondary ion mass spectroscopy (TOF-SIMS)

images of Ag4,@NC and Ag; ;@C on Ag" obtained during depth profiling of Fig. 3b.



Fig. S7 Silver-mapped cross-sectional scanning-electron-microscopic (SEM) images. (a)

Ags@NC. (b) Ag; 3@C. Silver atoms were identified as turquoise color. Scale bar: 10 um.
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Fig. S8 Size distribution of silver nanoparticles. (a) Ag4@NC. (b) Ag; ;@C. The insets in (a)
and (b) are the transmission-electron-microscopic (TEM) images of silver nanoparticles on the

matrix of Ag;4@NC and Ag; ;@C.
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Fig. S9 TOF-SIMS depth profiling spectra of Ag;4@NC and Ag; 3@C on AgN" over 2500 s

of O, sputtering.
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Fig. S10 Cyclic voltammetry of Ag4,@NC, Ag; ;@C and Cu foil in capacitive voltage region.
The capacitance of Ag4@NC, Ag;3;@C and Cu foil was 20, 3 and 0.4 mF cm™, respectively.

The apparent area of Ag4@NC, Ag; ;@C and Cu foil was equal to 0.785 cm?.



Ag,,@NC

20r 2.0 i{:fu
- 1.5} \’\\

S1.5¢ 1.0t AN

al. X
a \\_‘ ~
8) 0.5¢ \\\

1.0 0. —
S o0 0.01 0.02
O
> <+-SEl layer formation-»

0.5 |
0.0 Ag,.@C .
0 1 2 3 4

Areal capacity (mAh cm™)

Fig. S11 Reduction voltage profiles of Ag4@NC, Ag;;@C and Cu above 0 Vp;1i+ in

galvanostatic mode at 0.05 mA cm=.
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Fig. S12 Voltage profiles of lithium metal plating at various current densities in Ag;4@NC]||Li,
Ag;3@C]||Li and Cul|Li cells. (a) 0.05 mA cm2. (b) 0.1 mA cm™2. (¢) 0.2 mA cm=2. (d) 0.5 mA

cm?. (¢) 1 mA cm2. (f) 3 mA cm?2.
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Fig. S13 in situ galvanostatic electrochemical impedance spectroscopy (GEIS) measurement
of Ag14@NC]J|Li, Ag; 3@C]||Li and Cul|Li during lithium plating and stripping at 1 mA cm. (a)
Nucleation. The inset is equivalent circuit used for fitting in situ GEIS spectra in Fig. S11a-c.
(b) End of plating. (c) Beginning of stripping. (d) Voltage profiles of lithium plating and
stripping at 1 mA cm during in situ GEIS measurement. Lithium was plated up to 1 mAh
cm2. The points at which in situ GEIS was conducted are shown as potential pulses. Lithium
plating and stripping was monitored in sifu by galvanostatic electrochemical impedance
spectroscopy (GEIS). The constant current at 1 mA cm coupled with a small-amplitude
sinusoidal current function was applied to lithium metal cells of the 3D scaffold electrodes for
lithium metal plating on the 3D scaffolds followed by stripping.! Impedance spectra (Fig. S13a-
c) were obtained along voltage profiles of plating and stripping (Fig. S13d). Two semicircles

were obtained for all samples (the equivalent circuit in the inset of Fig. S13a). The high-



frequency semicircle was relevant to the de-solvation process of solvated lithium ions when
the ions moved from electrolyte to the SEI layer (Rsg). The low-frequency semicircle was

assigned to the charge transfer process of transformation of lithium ion to lithium metal (R.y).
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Fig. S14 Zeta potential measurement on GO/CNT and Mel@GO/CNT solutions.
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Fig. S15 (a) Coulombic efficiency of 500 um-thick Ag,,@C]||Li, 100 um-thick Ag;4@NC]|Li,
45 pum-thick Ag; @NC||Li, 45 um-thick Ag;;@C]||Li and Cu||Li cells for repeated lithium
plating and stripping cycles at 2 mA cm. Lithium metal was plated up to 1 mAh cm2. (b)

Voltage profiles of 100™ cycle.



Fig. S16 Lithium metal morphology of Cu after lithium plating of 1 mAh cm at 1 mA c¢cm™
visualized by SEM. (a) Surface. (b) Cross-section. The inset in (a) is the photo of the lithium

metal plated on Cu.

Fig. S17 Lithium-stripped Ag4@NC after 50 cycles of lithium plating and stripping at 2 mA
cm2. (a and b) Cross-sectional morphology of Ag;4@NC by SEM. (a) Low-magnification
image. (b) High-magnification image. (c and d) EDS map of (b). The detected elements were

indicated. Lithium metal was plated up to 1 mAh cm? during the cycles.
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Fig. S18 X-ray diffraction (XRD) pattern of Agis@NC, Ag;;@C, LiAg@NC and

LiAg; 3@C. The asterisk (*) at 44° indicates the peak of XRD sample holder.
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Fig. S19 (a and b) Morphology of lithium infused scaffolds visualized by SEM. (a)
LiAg4@NC. (b) LiAg; ;@C. Scale bar: 50 um for (a) and (b). (c) Voltage profile of lithium

stripping at 1 mA cm2. The stripping capacity was 6.7, 14 and 16.8 mAh for LiAg; ;@C,

LiAg4@NC and Li, respectively.
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Fig. S20 Voltage profiles of symmetric cells (LiAg;4@NC]||L1, LiAg; ;@C]||Li, LiAgy@C]J|L1

and Li|[Li). Lithium metal was plated and stripped at 3 mA ¢cm2 up to 1 mAh cm™.
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Fig. S21 (a) Retention of capacity and coulombic efficiency of lithium iron phosphate (LFP)-
based full cells (LiAg4@NC||LFP, LiAg; 3@C||LFP and Li||LFP) at 1C (1C = 1 mA cm2). (b)

Voltage profiles of the 15t and 500™ cycle in (a).
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Fig. S22 Practical application of LiAg4@NC scaffold with limited lithium amount. (a) Voltage
profile of lithium stripping at 1 mA c¢m2. The stripping capacity was 3.3 and 3.7 mAh for
LiAg; ;@C and LiAg4@NC, respectively. The reversible capacity for full cell operation was
regarded as 3.0 mAh (up to 0.2 Vy1;+) for both scaffolds. (b-e) Lithium metal plating and
stripping in LiNipgCoy 1M 10,-based full cells (LiAg4@NC|INCM811 and LiAg;;@C||
NCMS811, 1C = 2.5 mA cm™). (b) Retention of capacity and coulombic efficiency at 0.5C. (c)

Voltage profiles of the 155™ cycle in (b). (d) Retention of capacity and coulombic efficiency

at 1C. (e) Voltage profiles of the 85™ cycle in (d).
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Table S1 Full-cell performance comparison with previously reported works.

Current
3D scaffold based on . Cycling capacity Capacity retention
GO/rGO/CNT/Ag NP Cathode dens1t)_72 (mAh cm?) Cycles (%) Ref.
(mA cm?)
LFP 2.85 0.95 805 80
. This
LiAg;,@NC NCMB811 2.5 2.5 150 80 work
0, 0.20 0.20 183 100
3D G/Li LFP 0.85 1.70 80 94 2
CF/Ag-Li LFP 0.83 0.83 500 63 3
Li/CNT LFP 1.00 2.50 150 93 4
Li@3D-AGBN NCM523 2.17 0.22 1000 48 5
N-doped graphene-Li LFP 0.23 0.45 500 88 6
CNT/PANI@Li LFP 0.06 0.11 100 68 7
GAL LFP 0.51 0.51 300 96 8
LFP 1.25 2.50 400 90
Li@VGA 9
NCM622 2.05 4.10 150 87
CC/Ag/Li LFP 0.73 0.73 320 99 10
Li@CNTs/CNFs LFP 0.85 0.85 150 99 11
PPy/rGO@Li LFP 0.43 0.43 200 97 12
Li@eGF LFP 1.62 3.24 200 81 13
Ag@CMFs-Li LFP 0.68 0.68 250 96 14
LFP 1.24 0.31 570 98
GCNT-Li 15
NCMS811 1.21 0.61 470 83
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