

mailto:taolin@ustl.edu.cn
mailto:hzhang0807@163.com
mailto:bgan@ustl.edu.cn
www.sciencedirect.com/science/journal/2352152X
https://www.elsevier.com/locate/est
https://doi.org/10.1016/j.est.2024.114758
https://doi.org/10.1016/j.est.2024.114758
http://crossmark.crossref.org/dialog/?doi=10.1016/j.est.2024.114758&domain=pdf
























https://doi.org/10.1016/j.est.2024.114758
https://doi.org/10.1016/j.est.2024.114758
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0005
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0005
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0010
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0010
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0015
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0015
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0020
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0020
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0025
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0025
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0030
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0030
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0030
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0035
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0035
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0035
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0040
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0040
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0040
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0040
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0045
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0045
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0045
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0050
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0050
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0055
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0055
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0055
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0060
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0060
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0060
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0060
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0065
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0065
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0065
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0070
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0070
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0070
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0070
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0075
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0075
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0075
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0080
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0080
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0080
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0085
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0085



http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0085
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0085
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0090
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0090
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0090
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0095
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0095
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0095
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0095
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0100
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0100
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0105
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0105
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0105
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0105
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0110
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0110
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0110
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0110
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0115
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0115
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0115
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0120
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0120
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0120
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0120
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0125
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0125
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0130
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0130
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0130
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0135
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0135
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0135
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0135
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0140
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0140
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0140
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0145
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0145
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0145
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0150
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0150
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0150
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0150
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0155
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0155
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0155
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0160
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0160
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0160
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0165
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0165
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0165
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0165
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0170
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0170
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0170
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0175
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0175
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0180
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0180
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0185
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0185
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0185
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0190
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0190
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0195
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0195
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0195
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0195
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0200
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0200
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0200
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0200
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0205
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0205
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0210
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0210
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0210
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0210
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0215
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0215
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0215
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0220
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0220
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0225
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0225
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0225
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0225
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0230
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0230
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0230
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0230
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0235
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0235
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0235
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0235
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0240
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0240
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0240
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0245
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0245
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0245
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0250
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0250
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0250
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0255
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0255
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0255
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0255
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0260
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0260
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0260
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0260
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0265
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0265
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0265
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0265
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0270
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0270
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0270
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0275
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0275
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0275
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0280
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0280
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0280
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0285
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0285
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0285
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0285
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0290
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0290
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0290
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0295
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0295
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0295
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0300
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0300
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0300
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0300
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0305
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0305
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0305
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0305
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0310
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0310
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0310
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0315
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0315
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0315
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0320
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0320
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0320
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0325
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0325
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0325
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0330
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0330
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0330



http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0335
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0335
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0340
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0340
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0345
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0345
http://refhub.elsevier.com/S2352-152X(24)04344-5/rf0345

	Heteroelectrocatalyst for optimizing polysulfides in high-efficiency LiS batteries
	1 Introduction
	2 Experimental section
	2.1 Materials and characterization instrument
	2.2 Synthesis of MX-TiO2 aerogel
	2.3 Synthesis of MX-TiO2 composites sulfur
	2.4 Electrochemical measurements and characterization
	2.5 Li2S6 symmetric cell measurements
	2.6 Measurement of the Li2S nucleation
	2.7 DFT calculation

	3 Result and discussion
	4 Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	datalink6
	References


