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Supplementary Figures and Tables

Fig. S2 (a) SEM images of MF spheres, (b) SEM, (c) TEM and (d) HRTEM images of
MF@MX
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Fig. S3 The mean zeta potential of MF, MXene and MF@MX
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Fig. S5 (a-d) SEM images of MX-TiN spheres at different magnifications
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Fig. S6 (a, b) TEM images of MX-TiN at different magnifications. (c) HRTEM image of the

layered structure at the edge of MX-TiN sphere
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Fig. S7 (a) XRD patterns of samples annealing under NHjs for different time. (b) The
comparison of TiN (200) peak during annealing process
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Fig. S8 (a, b) SEM images of MX-TiN-2h (2 hours’ annealing at Ar/NH3) at different
magnifications
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Fig. S9 After annealing at Ar/NHsfor 2 h, the XRD patterns show the single phase of TiN
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Fig. S10 (a, b) SEM images of S/MX-TiN different magnifications
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Fig. S11 XRD patterns of (a) SIMX-TiIN composite and (b) S/MX-TiO, composite
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Fig. S12 SEM image of S/IMX-TiN composite and the corresponding elemental mapping of
Ti, C, N, and S elements
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Fig. S13 The XRD patterns of MX-TiO- correspond to the anatase phase (PDF#99-0008) and
rutile phase (PDF#99-0090), respectively
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Fig. S14 (a, b) SEM images of MX-TiO; at different magnifications. TiO2 nanoparticles with
a diameter of 20-40 nm can be clearly observed

MX-TiO2. HRTEM also confirmed that the crystal phase of MX-TiOz is a mixture of anatase
and rutile, which corresponds to the XRD
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Fig. S16 Raman spectroscopy for the as-synthesized of MX-TiN and MX-TiN-2h (single
phase TiN)
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Fig. S17 XPS survey spectrum of MX-TiN
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Fig. S18 Optimized configurations of different LiPS species (Li2Ss, Li2Ss, Li2S4, Li2S2, and
Li>S) on MX-TiN and pure TizC2Tx MXene
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Fig. S19 The Li.S precipitation test of MX-TiN, MX-TiN -2h (single phase TiN) and MXene

electrodes to evaluate the catalytic ability
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electrodes, (b) EDS mapping of Li.S nucleation on MX-TiN electrode
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Fig. S21 Potentiostatic charge profile of Li>S decomposition on (a) MX-TiN, (b) MX-TiOz,

and (c) MXene
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Fig. S22 Digital photo of S/MX-TiN cathodes at different potentials encapsulated in glass
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Fig. S23 CV curves with different scan rates of (a) MX-TiO>, (c) MXene cathodes at different
scan rates. Corresponding I-v%° linear fitting of (c) MX-TiO2 and (d) MXene cathodes
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Fig. S24 Lithium-ion diffusion coefficient (DLi*") of SIMX-TiN, S/IMX-TiO2 and S/MXene
cathodes

Randles-Sevcik equation, | = 2.686x10°nSAD.i*Cv®®

Where F is the faraday-constant (F = 96500 C mol™), n stands for the number of transferred
electrons, T represents the degree Kelvin (K) of testing environment, R is universal gas constant
(R = 8.314 J (mol K)1), A is the area of electrode (cm), C represents the concentration of
shuttle ion (mol cm?3, it is 1 for Li*), Dii* is the diffusion coefficient of Li* and v is the scanning
rate (mV s1). The diffusion coefficient of Li* is easily to be work out according to the fitting
slopes of I and v°°.
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Fig. S25 Galvanostatic discharge-charge profiles of Li-S batteries with (a) S/IMX-TiN, (b)
SIMX-TiO2 and (c) S/IMXene cathodes at different current densities.
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Fig. S26 Galvanostatic discharge-charge profiles of Li-S batteries with (a) S/IMX-TiN, (b)
S/IMX-TiO2 and (c) S/IMXene cathodes at 0.2 C during different cycles
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Fig. S27 Galvanostatic discharge-charge performance of pure MX-TiN without sulfur

loading. Specific capacity of pure MX-TiN of (a) 0.2C and (b) 5C over a voltage range of 1.7
-2.8 V. (1C=1672mAg?)
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Fig. S28 CV profiles of pure MX-TiN over a voltage range of 1.7 -2.8 V at different scan
rates
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Fig. S29 (a) EIS of fresh cells with different cathodes, (b) corresponding equivalent circuit
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Fig. S30 (a1, a2) SEM of fresh lithium metal, SEM images of corresponding lithium surface
for (b1, b2) S/IMXene (c1, c2) SIMX-TIOz and (d1, d2) SIMX-TIN cells after 50 cycles
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Fig. S31 SEM images for (a) S/IMXene, (b) SIMX-TiO2 and (c) S/IMX-TiN cathodes after 50
cycles
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Fig. S32 The contact angle of electrolyte with S/MX-TiN cathode
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Fig. S33 Discharge-charge profiles of SIMX-TiN with a sulfur loading of 5.15 mg cm™ with
the E/S ratio of 11.61 uL mg™

Table S1 Atomic ratio of MX-TiN

Sample Method Ti N C 0 Ti/N
. EDS 24.93 11.87 42.78 20.41 2.10
MX-TIN XPS 23.22 11.50 27.90 37.79 2.02

Note that elements C and O are susceptible to environmental factors, so only the atomic ratio
of Ti to N is considered. (The background of EDS test is conductive carbon paper, thus the
content of C element is so high.)

Table S2 BET specific surface area compared with other reported MXene-based
heterostructured materials

Materials Specific Surface Area (m?g?) Refs.
Sb/Na-TisCaTx 44.9 [S1]
S-TC-1 50.16 [S2]
Fex-1Sex/MXene/FCR 62.31 [S3]
TiOx-TisCoTx 64 [S4]
TisC,@iCON 66 [S5]
CoS NP@NHC 80 [S6]
FesO./MXene-7 99.3 [S7]
Te-SnS;@MXene 180.4 [S8]
N-MXene@MWCNT-MP 189.0 [S9]
OV-T.QDs@PCN 198.2 [S10]
MX-TiN 213.08 This work
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Table S3 Impedance parameters simulated from the equivalent circuits

SIMX-TIN SIMX-TiOz S/MXene
Re 2.33 2.10 2.85
Ret 45,99 69.13 61.38
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