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Abstract

To optimize the cathode design of lithium-sulfur batteries through the synergistic integration of
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interfacial engineering and structural regulation, this work embeds an anatase/rutile TiOz homo-
junction (A/R-Ti0Oz) with favorable lattice matching into hollow tubular nanofibers (HCNF) to con-
struct a one-dimensional composite structure (A/R-TiOz-HCNF) as the cathode for lithium-sulfur
batteries. The built-in electric field formed in A/R-TiOz-HCNF effectively enhances the chemisorp-
tion of polysulfide intermediates and further promotes charge transfer, thereby significantly reduc-
ing the reaction energy barrier for the conversion of liquid-phase polysulfides to the final solid prod-
uct (LizS). In addition, the one-dimensional hollow tubular nanofibers provide continuous pathways
for ion and electron transport, ensuring efficient long-range charge transfer. Benefiting from these
merits, the as-prepared cathode material delivers a high specific discharge capacity of 1186.79
mAh-g-1 at 0.2 C and excellent rate capability of 897.83 mAh-g-1 at 1 C. This synergistic design of
hierarchical structure and interfacial engineering provides a valuable reference for optimizing the
multiphase reaction Kkinetics and mass transfer processes in lithium-sulfur batteries.
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2. RMiTie
2.1. ARBERE

A/R-TiO2-HCNF & CNF (1l & ¥ 1 g HPAMEIEIA 10 mL —HF LB (DMF). 1 mL Z 5 7 i
H10.8 mL EKER DY T BV SV, s dE 12 h e AR A E T 2 ANE I, R 1.5 g RH M
2 F EG(PMMA) I 10 mL DMF &7, 7843 BidE 12 h JE 1N [FI5h S 22 N E T 7EEE Sk S0l ad im B
15cm. MR 18.0 kV. VA 1.0 mL-ht 54 R AT R4 g7 22 . TS 4F4EAE 60°C NT-45: 36 h LR
RIEFREBEFG, Jfea <55 E L 5°C min™ (W FHEIREFF £ 250 C Ak 2h, FERSFAFEFLL 5T
min ™ TR B T2 750°CHRRAL 2 h, B 4535 AIR-TiO,-HCNF. B4, 1ENXTIRALE 1 g B IS A iR
£ 10 mL DMF #5412 h J5 F I AH R T 200 2 2R 4 K 41 4E(CNF) . J5 % AIR-TiO,-HCNF 34T Rkt ,
Wik 5 AIR-TiO-HCNF #Zii &t 3:1 iR G, B TR E R, 78 155°C Frig 12 h, fiifafat
B e /MR BT E T AIR-TiO-HCNF, 3£15 S@A/R-TIO:HCNF E & IEMRA R bR T IR )5
BRNEMN T, PR EN 1.2 mgem™, IEW MBS 17.9~20.3 pL-mg L.

2.2. GRIFRIERNERESTHi

Figure 1. Morphology and structural characterization: (a) (b) SEM images of A/R-TiO2-HCNF; (c)
Cross-sectional SEM image of A/R-TiO2-HCNF; (d)~(h) EDS elemental mapping images of C, O, S
and Ti elements in S@A/R-TiO2-HCNF
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BElf&; (d)~(h) S@A/R-TIO-HCNF # C, O, S#1 Ti TRMEEZEEH X A E TR HE K
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Figure 2. Characterization and analysis of the chemical state and coordination structure of A/R-TiO2-HCNF. (a) XRD pattern;
(b) Raman spectrum; (c) Nz adsorption/desorption isotherm of A/R-TiO2-HCNF; (d) Pore size distribution of A/R-TiO2-HCNF.
High-resolution XPS spectra of (e) Ti 2p and (f) O 1s for A/R-TiO2-HCNF
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Figure 3. (a) Curves of S@A/R-TiO2-HCNF and S@CNF at scan rates ranging from 0.1 to 0.5 mV-s* and at 0.1 mV-s™™.
Plots of peak current (Ip) versus the square root of scan rate (v0.5) for peak A (b), peak B (c), and peak C (d) of S@A/R-TiO2-
HCNF and S@CNF electrodes, and the corresponding fitting slopes (e). (f) Charge-discharge profiles at 0.1 C. (g) The values
of Q2/Q1 and AE derived from the charge-discharge curves. (h) Magnified view of the discharge curve at 0.1 C
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S@CNF BLHR7ELE A (). UF B(c). UE C(d)RLAIE{ERE R (Ip) SIERE T HIR(V0.5)MZE, URHENBEIERE
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Figure 4. (a) Thermogravimetric curve of S@A/R-TiO2-HCNF. (b) EIS spectra of various electrodes (Inset: equivalent circuit
diagram); (c) UV-Vis absorption spectra of different samples after adsorbing Li2Se solution for 6 h (Inset: corresponding digital
photographs). (d) Rate performance of each electrode from 0.2 C to 1 C. (e) Cycling performance of each electrode at 0.2 C;
(f) Long-term cycling performance of each electrode at 1 C
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