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1. Material characterizations

The morphologies and structures of the synthesized composites are characterized
using a scanning electron microscope (SEM, Hitachi SU-3500, Japan) and transmission
electron microscope (TEM, FEI Talos F200S). The X-ray diffraction (XRD) patterns
of the samples are obtained using a D8-FOCUS (Bruker AXS, Panalytical) instrument
with Cu Ko radiation (1.5418 A) at 40 kV and 40 mA. The specific surface areas and
pore size distributions are tested on Micrometrics equipment at nitrogen adsorption-
desorption measurements (ASAP-2460). The chemical states of Tiz;C,T,/VS,, Ti3C, Ty,
and VS, are investigated by X-ray photoelectron spectroscopy (XPS, Thermo Scientific
K-Alpha).
2. Electrochemical characterizations
2.1 Preparation and testing of cathodes

The prepared material is ground and mixed with sulfur powder in a ratio of 3:7,
then hydrothermally treated at 155 °C for 12 hours under argon atmosphere to obtain
the Ti;C,T,/VS,/S composite. The resulting sulfur composite material (70 wt%) and
carbon nanotube (CNT) solution (30 wt%) are mixed with DI water to form a slurry,
which is evenly coated onto aluminum foil. The coated foil is dried at 60 °C for 12
hours with sulfur mass loading of 0.8~0.9 mg cm!. The Li-S batteries are assembled in
an argon-filled glove box in CR2032 button cells using 1.0 M LiTFSI inl,3-dioxolane
(DOL) /1,2-dimethoxyethane (DME) (1:1 vol%) with 2% LiNOs as electrolyte (0.03

mL).



2.2 Preparation of 3D-printed electrodes

The printing slurry is prepared as described above and loaded into a 3 mL syringe.
The syringe is connected to a tri-axis MUSASHI dispenser (SM200SX-3A-SS-01-MU-
STK) for printing grid-shaped electrodes on the cathode shells at a pressure of 0.25
MPa and a printing speed of 1 mm s™!. Afterward, the printed electrodes are placed in a
freezer overnight and freeze-dried to obtain the 3D-printed cathodes.
2.3 Polysulfides adsorption test

For the electrolyte preparation, 0.075 mmol of Li,S and 0.375 mmol of sulfur
powders are dissolved in 7.5 mL of DOL and 7.5 mL of DME at 70 °C with stirring
until completely dissolved. 15 mg of Ti;C,Ty/VS, (or Ti3C, Ty, VS,) powder is added
to 3 mL of the above solution, and the color change of the solution is recorded. Besides,
the diluted supernatant is analyzed using a UV-vis spectrophotometer.
2.4 Linear scanning voltammetry (LSV) experiments

5 mg of active material is dispersed in 5 mL of ethanol under sonication. Then,
0.04 mL of mixture solution is doped on the carbon paper (1x1 ¢cm?) and then dried. A
three-electrode test is conducted using an Ag/AgCl reference electrode and a platinum
foil counter electrode in a 0.1 M Li,S methanol solution as the electrolyte. The
measurement is carried out at a scan rate of 5 mV s using an electrochemical
workstation (CHI660E) within a voltage window of -0.8 to 0 V.
2.5 Assembly and testing of symmetrical cells

The tested materials and CNT solution are mixed into a slurry at a mass ratio of



7:3, coated on aluminum foil, and dried at 60 °C for 12 hours. The symmetrical cells
are assembled in an argon-filled glove box using test materials as both the working
electrode and counter electrode, while the electrolyte consists of 0.06 mL of 0.2 M Li,S¢
solution. The CV curves of the symmetric units are measured at scan rates of 2, 4, 6, 8,
and 10 mV s°!, with a voltage range of -1to 1 V.
2.6 Li,S nucleation and dissolution test

To study the kinetics of solid-liquid transformation of LiPSs, a 0.2 M Li,Sg
solution is prepared using tetramethylene glycol dimethyl ether as the solvent, with the
addition of 1 M LiTFSI. A symmetrical battery is assembled using Ti;C,T,/VS,/S as
working electrode, PP film as separator, and lithium metal as counter electrode,
respectively. 0.02 mL of normal electrolyte and 0.02 mL of prepared Li,Sg solution are
added drop by drop. The battery is initially discharged at a constant current of 0.112
mA until the voltage reaches 2.07 V, followed by a constant voltage discharge at 2.02
V until the current dropped below 0.001 mA.

To examine the rate of dissolution conversion of Li,S to LiPSs, the same cell
configuration is employed. The cell is discharged to 1.7 V at a constant current of 0.112

mA and then charged at a constant voltage of 2.4 V until the current reaches 0.01 mA.



Table S1. Percentage nucleation and activation time of Li,S for TizC,T/VS,/S,

Ti3C2TX/S, and VSz/S

Parameters T1;C,T,/VS,/S T1;C,T,/S VS,/S

Percentage nucleation time of Li,S  26.9% 28.0% 28.0%

Percentage activation time of Li,S 1.2% 1.3% 1.8%




Table S2. Li* diffusion coefficients of Ti3C,T,/VS,/S, TisC,T,/S, and VS,/S.

Parameters Ti;,C, T/ VS,/S Ti;,C,T,/S VS,/S

Dl atpeak A (em?sh)  1.26%10° 3.97x10° 5.93x10°
Dl atpeak B (cm2sly  2:27%10° 1.71x10° 1.93%10
Dl atpeak C (cm2sly  5.04x10° 3.85x10° 4.68x107




Figure S1. SEM images of VS, nanosheets with different magnifications.
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Figure S2. Statistical plot of diameter distribution of VS, nanosheets.



Figure S3. SEM images of the few-layer Ti;C,Ty sheets.



Figure S4. SEM images of Ti;C,T,/VS, with different magnifications.
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Figure S5. TEM images of Ti;C,T/VS,.
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Figure S6. The pore volumes of TisC,T,/VS,, TizC,Ty, and VS,.
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Figure S7. The pore size distribution of TizC,T,/VS,, Ti;C,Ty, and VS,.
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Figure S8. (a-d) XPS spectra of Ti3C,Ty: (a) survey, (b) Ti 2p, (¢) C 1s, and (d) O 1s.
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Figure S9. XPS spectrum of VS,: S 2p.
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VS,/S during the discharging and charging process.
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Figure S11. Li,S dissolution profiles of Ti;C,T,/VS,, Ti3C, Ty, and VS,.
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Figure S12. (a) Fitted R, and (b) R values for Ti;C,Ty/VS,, Ti3C, Ty, and VS,.
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Figure S13. Cycling performance of the cells at 0.2 C.
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Figure S14. Cycling performance of the Ti;C,T,/VS,/S at 2 C.
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Figure S15. The viscosity of the printing slurry.
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Figure S16. (a) Diagram of the 3D printed grid structure. (b-c) SEM image of the grid

structure.
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