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Figure S1. Low-magnification bright-field TEM images of (a) LiTM101 and (b) LiTM107, 

respectively. The yellow dotty rectangles in the images show the representative regions of 

interest across grain boundary that were analyzed via our atom-resolved STEM-EDX/EELS 

techniques.  

 

  



 

Figure S2. XRD patterns of LiNi0.5Co0.2Mn0.3O2 samples with different Li contents: (a) 

LiTM101, (b) LiTM103, (c) LiTM105, and (d) LiTM107.   
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Figure S3. STEM observation on the surfaces of the two samples, LiTM101 and LiTM107.  

(a,d) Low-magnification images and (b,e) atom-resolved images (for the yellow boxed area) of 

LiTM101 and LiTM107, respectively. (c,f) Intensity profiles obtained along the vertical 

rectangular marked in the HAADF STEM images of the two samples. Note that cation disorder 

phenomenon at the surface is only observed in LiTM101 sample (see red arrow) as observed 

at grain boundaries of the sample.  



 

Figure S4. Atomic-structures of the bulk parts deep inside the secondary particles of LiTM101 

and LiTM107, respectively. (a,c) HAADF-STEM images and (b,d) the simultaneously 

acquired ABF-STEM images of the two samples, LiTM101 and LiTM107, respectively. 

  



 

 

Figure S5. Lithium diffusion coefficients of (a) LiTM101, (b) LiTM103, (c)LiTM105, and (d) 

LiTM107 electrodes calculated from GITT curves as a function of the applied cell voltage. 



 

Figure S6. Comparison of L2,3 edges of transition metals, Mn, Co, and Ni between bulk (black) 

and grain boundary (red) regions of (a) LiTM101 and (b) LiTM107, respectively.   

 

 

 

 



 

Figure S7. Empirical fitting curves of (a) Ni, (b) Co, and (c) Mn valence states as a function of 

Ni, Co, and Mn L3/L2 EELS intensity ratios with reference to the known standard samples. NiO, 

LiNiO2, and NiO2 were used as standard samples for Ni valences of 2+, 3+, and 4+, respectively. 

NiO2 was prepared by an electrochemical lithium extraction using a nonaqueous lithium cell 

charged up to 5V. Likewise, for measuring Co valence states of 2+, 3+, and 4+, CoO, LiCoO2, 

and CoO2 were used as standards and for Mn valence states, MnO, Mn2O3, and MnO2 were the 

standard samples, respectively. For the LiTM101 sample exhibiting cation disorder behavior, 

the measured valence states of each transition metal in the grain boundary and bulk region are 

marked as green and red pentagrams, respectively, which confirms that our estimation of 

valence states for the LiTM samples is reliable because all EELS experiments were performed 

under the same acquisition condition. 

 

 

 

 


