
Supporting information

PVD Customized 2D Porous Amorphous Silicon Nanoflakes Percolated 

with Carbon Nanotubes for High Areal Capacity Lithium Ion Batteries

Zhouhao Wanga, Yan Lia, Shaozhuan Huanga,*, Lixiang Liub, Ye Wangc, Jun Jind, Dezhi 

Kongc, Lin Zhangb, Oliver G. Schmidtb,e

aKey Laboratory of Catalysis and Energy Materials Chemistry of Ministry of Education, 
South-Central University for Nationalities, Wuhan, Hubei, 430074, China, E-mail: 
husz001@scuec.edu.cn
bInstitute for Integrative Nanosciences, Leibniz Institute for Solid State and Materials 

Research Dresden, Helmholtzstraße 20, Dresden, 01069 Germany 

cSchool of Physics and Microelectronics, Zhengzhou University, Zhengzhou, Henan, China

dFaculty of Materials Science and Chemistry, China University of Geosciences, Wuhan, 

430074, China

eMaterial Systems for Nanoelectronics, Technische Universität Chemnitz, Germany

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2020



Figure S1. (a) Raman spectrum of Si nanoflakes, (b) XRD pattern of Si nanoflakes.



Figure S2. (a) FT-IR spectrum of amorphous Si nanoflake, (b) XPS depth profiling of Si 
2p and O 1s performed on amorphous Si nanoflake.



Figure S3. Cross sectional SEM image of pristine Si nanoflake (a), and porous Si 

nanoflake after NH3·H2O treatment.



Figure S4. Digital picture of the Si suspension before/after reaction.



Figure S5. Raman spectrum of Si-MWCNTs membrane.



Figure S6. (a-c) Cross sectional SEM images of the Si-MWCNTs membranes with 

different thicknesses. (d) Relationship between the thickness and areal loading.



Figure S7. Low magnification cross sectional SEM image of Si-MWCTN film.



Table S1. Comparison of the mass loading and areal capacity based on Si-based film 
electrodes.

Samples
Areal loading 

(mg cm-2)

Areal capacity 

(mAh cm-2)
Ref

Si-MWCNTs 2.9 4.5 This work

Carbon-Coated Si 0.5 1.4 1

Carbon Graphdiyne Coated Si 1.28 4.72 2

Si/carbon nanofibers 0.76 0.66 3

Si/MXene Paper 1.3 3.8 4

Si/Carbon Fibers 2.0 2.4 5

Si/Carbon Fibers 4.65 4.0 6

Si/graphene membrane 0.4 0.69 7



Figure S8. (a-b) Digital photo illustration of the freestanding Si film, (c-d) cross 

sectional SEM images.



Figure S9. Electrochemical performance of Si membrane: (a) cycling performance at 200 
mA g-1, (b) rate capability.



Figure S10. Long-term cycling of Si-MWCNTs film at 1600 mA g-1, showing a capacity 
retention of 84.7% after 200 cycles.



Figure S11. (a) Cross sectional SEM image of Si-MWCNT film after first lithiation. (b-c) 

Ex-situ SEM images of Si-MWCNT film after 100 cycles.



Table S2. Comparison of the smaple/electrode preparation and electrode mass loading of 

the Si nanosheets based electrodes.

Samples Sample 
preparation

Phase 
structure

Electrode 
Preparation

Areal loading 
(mg cm-2)

Areal 
capacity 

(mAh cm-2)
Ref

Porous Si 
nanoflakes PVD Amorphous Freestanding 2.9 4.5 This 

work

Si 
nanosheets CVD Crystalline Slurry 

coating 1.5 1.9 8

2D silicon
physical 
vacuum 

distillation
Crystalline Slurry 

coating 2 3.0 9

Few-Layer 
Silicene 

Nanosheets

liquid 
oxidation 

and 
exfoliation

Crystalline Slurry 
coating 1.1 0.8 10

Silicon 
Nanosheets CVD Crystalline Slurry 

coating -- -- 11

Silicon 
Nanosheets

Topochemical 
reaction Amorphous Slurry 

coating 2 2.0 12

2D silicon CVD Crystalline Slurry 
coating 1.1 2.2 13



Figure S12. Nyquist plots of Si-MWCNTs at 200 mA g-1 at different cycles.



Figure S13. Ex situ SEM image of Si-MWCNTs at a high loading of 5.4 mg cm-2 after 

100 cycles.



Figure S14. Cycling performance of NCM at 50 mA g-1, showing a highly stable cycling.
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