
R
es

ea
rc

h 
Ar

tic
le

Yuanchang Li§, Zhenfang Zhou§, Yong Li, Zhonghua Zhang ( ), Xiaosong Guo, Jing Liu, Changming Mao,
Zhenjiang Li, and Guicun Li ( )

§ 

Heterostructures composed of oxides and sulfides (nitrides or carbides) show great potential as sulfur host additives because of
the strong adoptability of oxides and catalytic capability of sulfides towards the notorious lithium polysulfides (LiPSs). However,
the migration and conversion pathway of LiPSs is seriously confined at a localized interface with inadequate active sites. In this
work, the introduction of selenium vacancies into VSe2−x has been demonstrated to successfully synergize the adsorbability and
catalytic reactions of LiPSs at an integrated functional surface. The N-doped carbon nanosheets-assembled flower architectures
embedded with selenium vacancy-rich VSe2−x and partial vanadium oxides have been controllably synthesized and employed as
the cathode additives  for  lithium-sulfur  (Li-S)  batteries.  Both  the  experiments  and first-principle  calculations  reveal  their  strong
adsorption to LiPSs and their bidirectional catalytic functionality towards the conversion between S8 and Li2S. As expected, the
charge  and  discharge  kinetics  of  VSe2−x containing  sulfur  cathodes  is  fundamentally  improved  (an  outstanding  rate  capabilitiy
with  693.7  mAh·g−1 at  2  C,  a  remarkable  long-term cyclability  within  1,000 cycles  at  2  C with  S loading 2.27 mg·cm−2,  and an
excellent areal capacity with 3.44 mAh·cm−2 within 100 cycles at 0.5 C). This work presents an effective resolution to couple the
adsorbability  and  catalytic  reactions  of  LiPSs  at  the  material  design  perspective,  and  the  insights  on  bidirectional  catalytic
functionality are of vital to develop functional materials for advanced Li-S batteries.

lithium-sulfur batteries, selenium vacancies, vanadium selenide, bidirectional catalysis, conversion kinetics

 

’

ISSN 1998-0124   CN 11-5974/O4
2022, 15(8): 7234−7246 https://doi.org/10.1007/s12274-022-4552-7

 



  Nano Res. 2022, 15(8): 7234–7246 7235

www.theNanoResearch.com | www.Springer.com/journal/12274 | Nano Research



 

 

2.1    Materials preparation
 

 

 

2.2    Characterizations

 

2.3    Theoretical modelling

= +ZPE−TS

 

2.4    Electrochemical property measurements
 

 

 

  7236 Nano Res. 2022, 15(8): 7234–7246

 | www.editorialmanager.com/nare/default.asp



 

 

 

 

3.1    Theoretical modelling

  Nano Res. 2022, 15(8): 7234–7246 7237

www.theNanoResearch.com | www.Springer.com/journal/12274 | Nano Research



 

3.2    Materials design and preparation

  7238 Nano Res. 2022, 15(8): 7234–7246

 | www.editorialmanager.com/nare/default.asp



  Nano Res. 2022, 15(8): 7234–7246 7239

www.theNanoResearch.com | www.Springer.com/journal/12274 | Nano Research



 

3.3    The test of absorption and catalysis to LiPSs
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3.4    Application of the sulfur hosts in Li-S battery
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