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LiCl-KCl flux growth of N-doped Li4Ti5O12 crystals were performed under NH3 gas flow. Through systematic studies on the 
growth, very limited condition enabled to grow octahedral shaped Li4Ti5O12 crystalized in the cubic spinel structure. Slight increase 
of loading TiO2 amount comparing to stoichiometry, NH3 gas flow rate, and reaction time plays significantly important key rules for
the prevention of Li2TiO3 sub-phase formation as a results of reaction with N radicals and TiO2, leading to Ti source consumption in 
the reaction media. The effects of the nitrogen doping on the valence state of Ti were extensively studied. XPS core-level spectra 
clearly evidences the formation of Ti-O-N bond as well as mixed Ti4+/Ti3+ valence of Ti ions. 
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Fig.1  (a) Powder XRD pattern of the products prepared from 
LiCl-KCl flux under NH3 gas flow condition. ICCD data of 
Li4Ti5O12 (ICCD PDF 26-1198) and Li2TiO3 (ICCD PDF 33-0831) 
were shown in (b) and (c) as references. 
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Fig.2  Powder XRD patterns of the products prepared from LiCl-
KCl flux under NH3 gas flow condition with different loading 
amount of Li/Ti ratio: (a) Li/Ti = 4/5, (b) Li/Ti = 3.5/5 and (c) Li/Ti 
= 3/5. ICCD data of Li4Ti5O12 (ICCD PDF 26-1198) was shown in 
(d) as a reference. 
 
 

Fig.3  Powder XRD patterns of the products prepared from LiCl-
KCl flux under NH3 gas flow condition with different NH3 gas flow 
rate: (a) 50 mL·min-1 and (b) 200 mL·min-1. Li/Ti was fixed to be 
3.5/5. ICCD data of Li4Ti5O12 (ICCD PDF 26-1198) and Li2TiO3 
(ICCD PDF 33-0831) were shown in (c) and (d) as references. 
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Fig.4  Powder XRD patterns of the products prepared from LiCl-
KCl flux under NH3 gas flow condition with different holding time 
at 800 °C: (a) 1 h, (b) 2 h and (c) 5 h. Li/Ti was fixed to be 3.5/5. 
ICCD data of Li4Ti5O12 (ICCD PDF 26-1198) was shown in (d) as 
a reference. 
 

 
Fig.5  Powder XRD patterns of the products prepared from LiCl-
KCl flux under NH3 gas flow condition with different holding time 
at 800 °C. Li/Ti was fixed to be 3.5/5.  
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Fig.6  SEM images and their higher magnified SEM images of 
the products prepared from LiCl-KCl flux under NH3 gas flow 
condition with different holding time at 800 °C: (a, b) 1 h, (c,d) 2 h 
and (e,f) 5 h. Li/Ti was fixed to be 3.5/5.  

 
Fig.7  XPS-N1s core level spectrum acquired from the powdered 
product which was prepared from LiCl-KCl flux under NH3 gas 
flow condition with holding time of 800 °C for 2h. Li/Ti was fixed 
to be 3.5/5. 
 
 

Fig.8  (a,b) XPS-O1s and (c,d) XPS-Ti2p core level spectra 
acquired from the powdered products which were prepared from 
LiCl-KCl flux under NH3 gas flow condition with different holding 
time at 800 °C: (a,c) 1 h, (b,d) 2 h. Li/Ti was fixed to be 3.5/5. 
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