
Electronic Supplementary Information

Layer-by-Layer Stacked Vanadium Nitride Nanocrystals/N-doped 

Carbon Hybrid Nanosheets toward High-performance Aqueous Zinc-

ion Batteries

Yue Niua,d,† Wenqiang Xu,b,† Yingjie Ma,a,d,* Yang Gao,a,d Xianglong Li,a,d Lidong Lib,* and Linjie 
Zhia,c*

a CAS Key Laboratory of Nanosystem and Hierarchical Fabrication, CAS Center for 
Excellence in Nanoscience, National Center for Nanoscience and Technology, Beijing 
100190, P.R. China.

b State Key Laboratory for Advanced Metals and Materials, School of Materials 
Science and Engineering, University of Science and Technology Beijing, Beijing 
100083, P. R. China.

c State Key Laboratory of Heavy Oil Processing, Institute of New Energy, College of 
Chemical Engineering, China University of Petroleum (East China), Qingdao 266580, 
P. R. China.

d University of Chinese Academy of Sciences, Beijing 100039, P.R. China.

Corresponding Authors
Linjie Zhi, E-mail: zhilj@upc.edu.cn 
Yingjie Ma, Email: mayj@nanoctr.cn
Lidong Li, Email: lidong@mater.ustb.edu.cn

Electronic Supplementary Material (ESI) for Nanoscale.
This journal is © The Royal Society of Chemistry 2022



Fig. S1. 1H NMR spectrum of PV molecule.

Fig. S2. (a) The high-resolution SEM image of VN/NC. The morphology of “thin-sheet” and “rich-

pores” can be seen clearly. (b) SEM image of VN-control.



Fig. S3. HRTEM image of VN/NC and VN-control. (a) the pores in the VN/NC are circled by the 

yellow dotted line. (b) the multilayered structure of VN/NC. It can be seen 3 layers at least in 

different focal planes from the top right to the bottom left. (c, d) morphology of VN-control.

Fig. S4. The AFM image of NC. The pores in the NC may be due to the etching of VN. 



Fig. S5. The nitrogen adsorption-desorption isotherm curve and pore size distribution of VN/NC. 

The BET surface area is 56.4 m2 g-1 and pore size distribution is 2-50 nm.

Fig. S6. Charge−discharge curves of NC and VN/NC at a current density of 0.1 A g−1.



Fig. S7. The electrochemical performance of VN-control. (a) Charge−discharge curves at a current 

density of 0.5 A g−1, (b) Galvanostatic charge−discharge plots at different current densities, and (c) 

Rate performance.

The discharge capacities of VN-control are 476, 449, 408, 313, 243, 152 and 88 mA h g−1 at 

current densities of 0.2, 0.5, 1.0, 2.0, 5.0, 10.0 and 20.0 A g−1 respectively.

Fig. S8. EIS plot of VN-control and VN/NC based cells.



Fig. S9. The SEM images of (a) VN-control and (b) VN/NC after 500 cycles at 10 A g-1. The VN-

control blocks have been broken into small pieces, while the VN/NC sheets still maintain their 

morphologies.

Fig. S10. The TEM images of VN/NC after 500 cycles at 10 A g-1. The right image is the high 

magnification of the white dotted-line area in the left image. The individual small VN 

nanocrystals on the layered NC has been preserved. The new appearing lattice spacing 0.281 nm, 

corresponding to the peak of 31.82° (2θ, θ = 15.91°, calculated by the Bragg equation: 2dsinθ = 

nλ, d = 0.281 nm, n = 1 and λ = 0.15406 nm) in the XRD test, should come from 

Znx(CF3SO3)y(OH)2x-y·nH2O, which is inevitably formed in the cathodes using the Zn(CF3SO3)2 

electrolyte1.
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