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Figure S1 Schematic of the process flow for the scalable formation of regular Li>S, Li>S-LiTiO»

-
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and Li»S@LiTiO, nanocomposite nanoparticles by two-steps: simple ethanol evaporation and then
heat treatment in argon atmosphere.
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Figure S2 Characterization of the precursors of produced (a) regular Li>S, (b) Li»S-LiTiO, and
(¢) LiS@LIiTiO, after ethanol evaporation.
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Figure S3 Characterization of the pure LiTiO,: produced by Li>S and TiO» (molar ratio is 1:2).
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Figure S4 (a) TEM image and (b) HRTEM image of nanoporous Li,S.
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Figure S5 Comparison of impedance spectra in nanoporous Li»S, Li>S-LiTiO,, and LixS@LiTiO»
cells at the open-circuit voltage.
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Figure S6 Ultraviolet-visible (UV-Vis) spectra data confirms anion (Sg*) adsorption (or
decomposition) on the surface of Li»S@LiTiO; nanoparticles.

Figure S7 Cycled electrolytes with cycled separator inside (after 200 cycles) of the produced
cathode-based cells.
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Figure S9 Characterization of the (a) fresh Li foil and (b, c, d) cycled Li foils after 200 cycles: (b)
cycled Li metal in nanoporous Li>S-based cell; (¢) cycled Li metal in Li»S-LiTiOz-based cell; (d)
cycled Li metal in Li2S@LiTiO»-based cell.



Supporting Information

(a) 2400 LizS . o Limetal Z Fe (from iron spacer)
Cycled Li anode 0
2100 L (work with nanoporous LizS)

1800 | ||Kapton tape
L

1500

1200

Intensity (a.u.)

900

600

300 1 1 1 L
20 30 40 50 60 70 80

Two Theta (degr.)

(C) 1600 o Limetal

(b)

Intensity (a.u.)

3000
2700
2400
2100

1500
1200
900

o Li metal

ZFe (from iron spacer)

1800

Cycled Li anode
FHwork with Liz3-LiTiOz)

| Kapton tape

o}

20 30 40
Two Theta (degr))

O Fe (from iron spacer)

Cycled Li anode
1400  (work with LizS@LITiO2)

1200 +
1000 - Kapton tape
P

800

Intensity (a.u.)

600
400

200

o]

20 30 40

50

Two Theta (degr.)

60 70 80

1
50

60

70

Figure S10 The comparison of XRD patterns of the cycled Li foils (200 cycles) in (a) nanoporous LizS, (b)
Li>S-LiTiO» and (c) LixS@LiTiO; cells, showing the lack of LixS precipitates on cycled Li foils in Li>S-

LiTiO; and LioS@LiTiO: cells.
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Figure S11 Li»S@LiTiO»//Graphite full cell studies: (a) charge-discharge profiles corresponding to

different C-rates and (b) cycling performance in 150 cycles at C/2.
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Figure S12 Optimized structures of Li>Sx (X =1, 2, 4, 6, 8; descending in each column) adsorbed
on TiO; and LiTiO; substrates. Adsorption energies are listed in eV. Substrate surface in column (a)
is TiO, and LiTiO; in columns (b) and (c). Column (b) shows local minima (for X > 1) where
adsorbate remains intact and column (¢) shows examples of the decomposition of the adsorbate
material on the LiTiO» surface. Polysulfides of length X > 4 are found to be too reactive to adsorb
without fragmentation on the LiTiO, surface. Color scheme: yellow (S), green (Li), blue (Ti), and

red (O). Polyhedra colored by central atom.
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Figure S13 Chemical interactions between LiTiO> and long polysulfides: (a) prepared Li»Sg, Li>Se and
Li»S4 solutions (0.015-0.03M in DME solvent), suggesting the orange-red color of Li»Sg and Li>Se
solutions, and yellow-green of Li>S4 solutions; (b) 10 mg of LiTiO, powder was added into 0.015M Li>Sg

and 0.015M Li,Ss solutions, the color changed into yellow-green within one minute, suggesting the rapid

conversion of longer polysulfides to short polysulfides on the surface of LiTiOs.
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Figure S14 Showing the universality of our concept: it may work for all layered LiMO, and LiMS..
We did the successful synthesis of the LiVO»-Li>S composite. (a) XRD result of the synthesized
Li>S-LiVO, composite; (b) The comparison of cycle stability at C/2 between nanoporous Li>S and

LixS-LiVO; cells.
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Table S1 Comparison of the electrochemical performance of recent Li>S-based cathodes.

Sample type Liz2S mass Specific Capacity Cycling performance Reference
loading based on Li;S (capacity retention)
LixS@C 1.0 mg-cm™? ~410 mAh g! at 1C ~62% within 200cycles at 1C !
LiS@C 1.0 mg-cm™ 676 mAh g' at~0.1C  ~64% within 200cycles at ~0.1C 2
Li>S@Ni-P-S@G 2.0mg-em?  ~700 mAh g'at0.5C  77.3% within 300cycles at 0.5C 3
Li;S/N-doped G 1.8-2.3mge€m? 657 mAhg'at0.5C  ~62% within 300cycles at 0.5C 4
VG/Li;S-C 1.84 mg €m? 890 mAh g'at0.1C  ~74% within 100cycles at 0.1C 3
LiS/FWNTs@G  1.0-1.5mg€m? 980 mAh g'at02C  ~89% within 300cycles at 0.2C 6
LixS@C 3-3.5mgem?  971mAhg'at0.1C  ~59% within 200cycles at 0.1C 7
Nano-Li>S@C 2.8 mg €m2 652 mAh g'at0.5C  ~74% within 200cycles at 0.5C 8
470 mAh g at 1C ~86% within 200cycles at 1C
Li>S@C-Co-N 2.0 mg €m2 1137 mAh g at 0.2C  ~82% within 300cycles at 0.2C ?
ALOs-Li;S-GS  1.2-1.5mgem? 728 mAh g'at0.5C  ~88% within 300cycles at 0.5C 10
LixS@LiTiOz 1.2 mg-cm™ ~732mAh g'at0.5C  ~97% within 200cycles at 0.5C ~ This work
~606 mAh g! at 1C ~88% within 400cycles at 0.5C
~94% within 400cycles at 1C
LixS@LiTiOz 2.5 mg-cm™ ~566 mAh g'at 0.5C  ~83% within 400cycles at 0.5C  This work
LixS@LiTiOz 4.8 mg-cm™ ~408 mAh g'at 0.5C  ~92% within 200cycles at 0.5C  This work

Computational Details

Adsorption energies were computed using DFT optimized structures and energies. All
calculations were performed with CP2K v4.1 using PBE(D3BJ) functional and DZVP-MOLOPT-
SR-GTH basis set ''!7 with a 600 Ry plane wave energy cutoff. Geometries were converged to a
max change in atomic positions between steps of 0.0005 au. The other values were left at their
defaults.

Prior to performing surface calculations, cell volume and angles of the bulk material were
relaxed with the method above. The TiO; starting structure was taken from Howard, Sabine, and
Dickson,'® while LiTiO; structure was taken from the Materials Project database.'” It is a calculated
structure but has similar lattice dimensions and shape to that described in Borghols et al. and de
Klerk et al.?%-2! Both structures fall in the 14;/amd space group. According to de Klerk and coworkers,
this form of LiTiOs is stable above a lithiation fraction of 0.96 (x in Li,TiO»). The surface forms a
series of ridges, each terminating in a Li-O-Li-O pattern with a spacing of ~4 A between Li-(O)-Li

and O-(Li)-O. As a point of reference, the S-S bond in polysulfides is ~2.2 A.
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Slabs cut along the (1 0 1)-facet were prepared with the aid of the VESTA software.?2 30 A of
vacuum was added between surfaces to minimize their interaction with periodically replicated
images. Additionally, surface dipole corrections were applied along the surface normal axis.
Extended and collapsed Li>Sx (x = 1, 2, 4, 6, 8) polysulfide chains were generated with Avogadro
v1.2.0 and optimized in the same unit cell as the surface to avoid errors with mismatched numbers
of plane waves.”® The values reported consider only the most optimal energies obtained over all
cases. Only the initial fragmentation/dissociation step was investigated for Li>Sx (x=4,6,8) on
LiTiO,, the follow up reactions were not investigated but subsequent decomposition up to Li>S is

likely.
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