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Using ab initio calculations combined with experiments, we clarified how the thermal 

stability of Li(NixMnyCoz)O2 (NMC) (x + y + z = 1) can be tuned by the most unstable 

oxygen, which is determined by the local coordination structure unit (LCSU) of oxygen 

(TM(Ni, Mn, Co)3−O−Li3−x’, shown in Scheme 1a). Under this model, the synergistic 

effect between Li vacancies and raised valence state of Ni during delithiation process 

can aggravate instability of oxygen, and oxygen coordinated with more nickel 

(especially with high valence state) in LSCU becomes more unstable at a fixed 

delithiation state. The Ni/Li mixing would decrease the thermal stability of the “Ni=Mn” 

group NMC materials but benefit the thermal stability of “Ni-rich” group, because the 

Ni in the Li layer would form 180° Ni−O−Ni super exchange chains in “Ni-rich” NMC 

materials. Mn and Co doping can tune the initial valence state of Ni, local coordination 

environment of oxygen, and the Ni/Li disorder, thus to tune the thermal stability directly. 

 

Using extensive ab initio calculations combined with experiments, a super-exchange 

interaction between transition metals is reported (shown in Scheme 1b), which plays a 

dominating role in tuning the Ni/Li disordering in NMC materials. Under this scheme, 

we also propose a new charge compensation mechanism that describes that after 

Ni3+/Li+ exchange the nearest Co3+ transforms to Co4+ in Ni-rich NMC materials. On 

the basis of this theory, the existence of Co4+ in the pristine Ni-rich NMC samples was 

predicted for the first time, which was further confirmed by our synchrotron-based soft 

X-ray absorption spectroscopy. 
 

     
Scheme 1. Schematic illustration for (a) the tuning of thermal stability in a delithiation process; 

(b) 180° Ni2+−O−Ni2+ super-exchange interaction. 
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