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Table 1  Parameters a and V of Lu
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LDA-CAPZ 0.3618 0.5766 6.5356  1.3875 0.3427 0.8523 6.6458  1.0488 7.2118 

GGA-PBE 0.3683 0.5949 6.9883  1.4232 0.3488 0.8689 7.0674  1.0698 7.6517 

GGA-PW91 0.3680 0.5937 6.9641  1.4215 0.3487 0.8684 7.0532  1.0687 7.6278 

Other Cal. � � �  � � � �  1.0355
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Table 4  Calculated bulk modulus (B), shear modulus (G), Young’s modulus (E), B/G, Poisson’s ratio (v) and the universal 
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Fig.2  Phonon dispersion curves of Lu
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Fig.3  Total and projected phonon density of states of Lu
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Electronic Structure and Physical Properties of Lu

2

O

3: 

A First Principles Study 

 

Chen Jingjing, Hui Qun, Shao Dongyuan, Li Xiao, Jia Zhenyuan, Wang Peida, Li Chunmei, Cheng Nanpu  

(Southwest University, Chongqing 400715, China) 

 

Abstract: The hexagonal, monoclinic and cubic structures of Lu

2

O

3

 were studied by the plane wave pseudopotential method based on the 

first-principles density functional theory. The calculated binding energies reveal that the C-type cubic structure of Lu

2

O

3 

is the most stable. The 

mechanical properties calculation shows that the cubic Lu

2

O

3 

exhibits good ductility and elastic anisotropy. Lu

2

O

3 

is thermodynamically stable. 

The electronic calculations show the cubic Lu

2

O

3

 has a direct bandgap. The electrons situated in the bottom of the valance band have small 

effective mass and high degree of nonlocalization. And the electrons transitions between the top of the conduction band and the bottom of the 

valance band primarily derive from Lu 4f and O 2p states. It forms the covalent bonding of Lu-O by the strong orbital hybridization of 5d orbital 

of Lu atom and 2p orbital of O atom. The maximal optical reflectivity of the cubic Lu

2

O

3

 is 0.36 and the optical absorption ability of the cubic 

Lu

2

O

3

 is strong in the energy from 3 to 10 eV. Lu

2

O

3 

is

 

a fine optical insulator which has the novel optical properties owing to its perfect 

transparency in the visible and near infrared wavelength regions. 

Key words: first-principles; Lu
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; physical properties  
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