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Supplementary Figure 1. a-d, SEM image of CNG (a) and its corresponding EDX
elemental mapping, overall (b), C (¢) and N (d) mapping are shown, respectively.
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Supplementary Figure 2. XRD pattern of CNG and g-C3Na.
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Supplementary Figure 3. Ionic conductivity of LPSCli.s measured by EIS. The
conductivity is calculated to be 10 mS cm™'. The ionic conductivity was calculated using
the equation, 6 = t/AR where o is the ionic conductivity, t is the thickness of the SE
pellet, A is the area of the SE pellet and R is the impedance from the Nyquist plot.
Herein, ¢ (LPSClis) = 0.065 cm/ (0.785 cm? * 8.2 Q) = 10 mS cm™'.
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Supplementary Figure 4. SEM-EDX analysis of as-synthesized LPSCli s. The figures
show the five selected areas and the Cl/P ratios are summarized in the table.

Supplementary note 1. Calculation of theoretical oxidation capacity of argyrodites.
According to the indirect degradation pathway,® the LPSC will first lose two lithium
ions and form LisPSsCl,
LigPSsCl > Li,PSsCI?™ + 2Li*
Li14PSsCl rapidly decomposes,
Liy,PSsCI>~ - Li3PS, + LiCl + S + 2e~
Above 2.9V, Li3PS4 is oxidized to S,

LisPSy > 1/, PS4+ 1/, + 3Li* + e”

Based on the 3-electron oxidation process, the theoretical capacity of LPSC is 299.6
mAh g

Likewise, the theoretical capacity of LPSCl15 is 201 mAh g'. Note that VC/LPSCl.s
cell showed a capacity of 277 mAh g'! which exceeds the theoretical value of LPSCl.s.

We thus performed SEM-EDX analysis as shown in Supplementary Figure 4. Five
areas were selected to ensure good statistics. The average CI/P ratio is 1.1. Therefore,
the as-synthesized LPSClis was corrected to an actual stoichiometry of LPSCli.1 with
a theoretical capacity of 280 mAh g,
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Supplementary Figure 5. Aging tests. a, Voltage-time profiles of aging tests for Li-
In|LPSCli.5|CNG (or NG)/S/LPSClis SSSBs. The cells were first rested for 8 hours,
then charged to 4.1 V versus Li/Li* and aged for 30 hours. b, Leakage current during a
hold for 30 h at a constant voltage of 4.1 V versus Li/Li" after initial charge.



Supplementary Figure 6. DFT relaxed configuration of (a) bilayer graphene; (b)
monolayer C3N4 and (¢) LPSCli s, (010) surface.
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Supplementary Figure 7. a-¢, DFT calculated binding energies for three different

configurations, I (a), II (b), III (¢) of LPSCli s-



340 —Li—— P|_S Cl b 40 7Li7P—‘C78 Cl C4D Li P*C‘ S N Cl
,LPSCI, ¢  Graphene 1 CsNg
| I-LPSClyg |1 wesel,
=307 T i = 304 1 !
W 2 2 A
1 2 2 e
T 20 (1] 5 B 20 RTITO
2 UL & 8 wit VY
@ 'M I I @ @ |
a . ! a a i
104 || W] I 10+ ‘ “
1| NI At ! |
ol I MU / [ p
0 \ A A N | ! FAL ol 2/ /A“\.(
-4 -2 0 2 4 -4 -2 0
Energies (eV) Energies (eV) Energies (eV)

Supplementary Figure 8. PBE-DFT calculated DOS for pristine LPSClis (a),
graphene-LPSCli s (b) and C3sN4-LPSCli s (¢) composite configurations, respectively.

We used PBE-DFT calculations to calculate total and atom-projected electronic density
of states (DOS) for LPSCli s, graphene-LPSCli.s, and C3Ns-LPSCI1.5 to understand
and compare the electronic transport at the interfaces. While PBE-DFT tends to
underestimate band gaps, we focused on comparison of atom-projected and total DOS
at various interfaces. Specifically, the graphene-LPSCl1 .5 interface is enriched with Li,
S, and C atoms, which significantly contribute to the valence and conduction band near
the Fermi level, favoring electronic transport. Conversely, electronic conduction is less
favorable at the C3N4-LPSClis interface due to the absence of Li DOS because the
interface relies on Li-N bonds, whereas the valence and conduction bands are mainly
contributed by S atoms and C/N atoms respectively. A small DOS above the Fermi level
arises from the smearing of the calculated DOS.
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Supplementary Figure 9. DOS analysis of graphene (a), C3Na4 (b), and CNG (c).
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Supplementary Figure 10. TGA curve of CNG/S. The sulfur mass content was 70%.



Supplementary Figure 11. SEM image of the CNG/S composite.



Supplementary Figure 12. SEM image of the CNG/S/LPSCli 5 cathode composite.
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Supplementary Figure 13. Voltage profiles of Li-In|LPSCl1.s|CNG/S/LPSCli.s SSSB
cycled at C/10 at room temperature.
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Supplementary Figure 14. CV curves of CNG/S SSSB at a scan rate of 0.1 mV s™'.
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Supplementary Figure 15.
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In|LPSCl:.5|NG/S/LPSCl1.5s SSSB at room temperature. a, Voltage profiles at C/10 with

a sulfur loading of 1.6 mg cm™. b, Corresponding cycling performance. The electrolyte
decomposition can be clearly seen in the charge profile.
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Supplementary Figure 16. The impedance evolution of a CNG/S SSSB over 50 cycles.
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Supplementary  Figure 17.  Electrochemical  performance  of  Li-
In|LPSCli.5[NG/S/LPSCli.s SSSB at 60 °C. a, Voltage profiles at C/20 with a sulfur
loading of 7.4 mg cm™. b, Corresponding cycling performance. The electrolyte
decomposition can be clearly seen in the charge profile.
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Supplementary Figure 18. Initial charge profile of Li-In|LPSCIi.5|CNG/S/LPSCl: s
SSSB at C/20 at 60 °C (S content in CNG/S, 40%).
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Supplementary Table 1. DFT calculated surface energies for low Miller index
symmetric surface slabs of LPSCis.

Li37PsS3sCli 0.70
010 Li Lia1PsS3sCli 0.44
010 LisSCl LizsPsS28Cl1o 0.40
010 Li7SCI Li40P6S28Cl1o 0.72
011 LisS> Li32P6S26Cl1o 0.48

011 LisS2 Li34P6S28Cl3 0.70



Supplementary Table 2. Comparison of our work with recent reported representative
SSSBs. Results from our work are shown in bold.

CNG/S LPSCl, 5 35% 0.577 (C/10) 92%, 235

CNG/S LPSCl, 5 35% 6.8 Li/In 1.21 0.570 (C/20) 4.94 132%, 42

CNG/S LPSCl, 5 35% 7.6 Li/In 1.21 0.639 (C/20, 11.3 91%, 40
60 °C)

S/CNF? Li;PS4-0.5L  35% 2.73 Li N/A 228 (CR2, 292 27.4%, 90

il 60 °C)

S@CNT? LGPS 20.6% 3 LipsAl 4 0.251 (C/20) 3.46 ~81%, 100

S@KB* LGPS 22.5% 6.5 Li/LiI  N/A  0.2(C/56) 8.87 57.8%, 8

S-CoNC?® LisP3Si 50% 4 Li/In 45 0.2 (C/30) 5.25 88.9%,

100

MoeSs? LisPS, 20% 4.2 Li/In N/A 351 (C2, 4.87 Only one
80 °C) cycle

S/NWO/CNT”  Li;PsSy 18.5% 8.05 Li/In N/A  0.674(C20) 6.32 ~51%, 50

C-FeS,-S8 Li;PS,-Lil 15% 2.5 Li N/A  0.0835 3.55 142%, 7
(C/50)

S-VS,® LisPS4 20% 5.12 Li/In N/A  0.12(C/72) 178 66.7%, 10

S-C65%° LisPSsCl 33% 3 Lis7sSi 5.12 1.44 (C/3) 2.94 76.3%,

500
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