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Large magnetization and high magnetocrystalline anisotropy are required for high 

performance permanent magnets. The present strongest permanent magnet is Nd2Fe14B. 
NdFe11Ti, which has the ThMn12 structure, has also large magnetization although it is 
slightly smaller than that of Nd2Fe14B. Furthermore doping nitrogen at an interstitial site 
increases the magnetization and enhances the uniaxial anisotropy. The effects of doping 
nitrogen have been studied theoretically in Ref. [1]. It is interesting whether or not other 
dopants can improve the magnetic properties. 

We studied the magnetic properties of NdFe11TiX (X=B, C, N, O, F) by using the first 
principles calculation code QMAS [2] which is based on Density Functional Theory and 
Projector Augmented-Wave method. The 4f-states of Nd are treated as open-core states. 
The results show that the spin moment is decreased by doping B and C, whereas it is 
increased by doping N, O and F. The magnetocrystalline anisotropy is estimated from 
the crystal-electric-field parameter A20 which is a coefficient of the effective potential 
acting on the Nd-4f electrons expanded by using the real spherical harmonics. The 
positive (negative) value of A20 represents uniaxial (in-plane) anisotropy for Nd. The 
parameter increases from negative to positive value as dopants change from B to C to N 
and then decreases down to be negative from N to O to F. Thus, N doping results in the 
largest enhancement of uniaxial anisotropy among the typical elements mentioned 
above. We can conclude that N is the most appropriate dopant among B, C, N, O, and F 
for permanent magnets in terms of magnetization and anisotropy. 
 
References 
[1] T. Miyake, K. Terakura, Y. Harashima, H. Kino, and S. Ishibashi, J. Phys. Soc. Jpn. 
83, 043702 (2014)  
[2] http://qmas.jp 


	原嶋CSW

