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This supporting Information includes the following figures 

Figure S1.   High resolution X-ray powder diffraction pattern of pristine Li1.2Ni0.2Mn0.6O2 

cathode material. The superstructure peaks are highlighted by red arrows, which comes from the 

monoclinic lattice structure with space group C2/m. 

Figure S2.  SAED patterns and STEM-HAADF image of pristine LNMO cathode particle show a 

C2/m structure. Red arrows indicate disordered planes which are due to Ni substitution of Li in 

the TM slabs. 

Figure S3.  STEM-HAADF images to show the PNS layer located at (20-2) surface facets in 

different pristine LNMO particles. 

Figure S4.   EDS mapping of the PNS layers on pristine LNMO particles, showing only Ni-

segregation. 

Figure S5.   (a) First cycle charge/discharge profile. (b) charge and discharge capacities as 

function of cycle numbers at 2.0-4.7V.  

Figure S6.   Low magnification TEM images to show the particle morphology change due to the 

cycling induced corrosion. The scale bars are 50 nm. 

Figure S7.   HRTEM images to show the structure evolution of the surface layer at different 

cycles. The scale bars are 2 nm. 

Figure S8.   (a) STEM-HAADF image of a 45 cycled particle to show the ordered SRL at 

particle surface. (b) intensity profile from the blue area in (a) to show the contrast change due to 

the formation of SRL. Red line in (b) indicates a normal intensity profile for typical wedge shape 

surface. 

Figure S9.  EDS line scan to show the SRLs are Mn-Ni-segregation layers. Pink dashed lines to 

show the maximum position of Mn peaks which do not overlap with Ni’s maximum peaks.  

Figure S10. EELS spectra to show the pre-peaks of O-K edge in different samples. White arrow 

indicates the depression and shift of O-K edge pre-peak due to cycling. 

Figure S11.  [100] zone axis HRTEM images from (a) pristine and (b) 100 cycled samples. The 

frames in (c) and (d) are same size, which highlights structure change. The inset map in (d) is a 

simulation image from I41 structure, which is similar to experimental image in (d). The scale 

bars are 3 nm. 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S1.   High resolution X-ray powder diffraction pattern of pristine Li1.2Ni0.2Mn0.6O2 

cathode material. The superstructure peaks are highlighted by red arrows, which comes from the 

monoclinic lattice structure with space group C2/m. 
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Figure S2.  SAED patterns and STEM-HAADF image of pristine LNMO cathode particle show a 

C2/m structure. Red arrows indicate disordered planes which are due to Ni substitution of Li in 

the TM slabs. 
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Figure S3.  STEM-HAADF images to show the PNS layer located at (20-2) surface facets in 

different pristine LNMO particles. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S4.   EDS mapping of the PNS layers on pristine LNMO particles, showing only Ni-

segregation. 
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Figure S5.   (a) First cycle charge/discharge profile. (b) charge and discharge capacities as 

function of cycle numbers at 2.0-4.7V.  
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Figure S6.   Low magnification TEM images to show the particle morphology change due to the 

cycling induced corrosion. The scale bars are 50 nm. 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S7.   HRTEM images to show the structure evolution of the surface layer at different 

cycles. The scale bars are 2 nm. 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S8.   (a) STEM-HAADF image of a 45 cycled particle to show the ordered SRL at 

particle surface. (b) intensity profile from the blue area in (a) to show the contrast change due to 

the formation of SRL. Red line in (b) indicates a normal intensity profile for typical wedge shape 

surface. 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

Figure S9.  EDS line scan to show the SRLs are Mn-Ni-segregation layers. Pink dashed lines to 

show the maximum position of Mn peaks which do not overlap with Ni’s maximum peaks. 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S10. EELS spectra to show the pre-peaks of O-K edge in different samples. White arrow 

indicates the depression and shift of O-K edge pre-peak due to cycling. 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S11.  [100] zone axis HRTEM images from (a) pristine and (b) 100 cycled samples. The 

frames in (c) and (d) are same size, which highlights structure change. The inset map in (d) is a 

simulation image from I41 structure, which is similar to experimental image in (d). The scale 

bars are 3 nm. 

 

 

 

 

 

 


