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Abstract. We report an experimental and theoretical investigation of the electronic structure and 
optical properties of B12P2 crystals in the energy range up to 60 eV. Experimental studies are 
performed by the method of electron energy loss spectroscopy, and theoretical studies are carried 
out using density functional theory and the GW approximation. The calculated dependence of the 
energy loss function is in agreement with the experiment. Based on the results of the calculations, 
we determine the optical properties of B12P2 crystals and investigate their anisotropy. The 
dispersion and density of electronic states are calculated and analyzed.  
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1. Introduction  

Icosahedral boron-rich crystals have recently attracted great interest of researchers due to their 
potential use in various applications. Rhombohedral α-B12 crystals have the simplest structure 
among these compounds. They belong to the space group symmetry D3d

5 = R3m and consist of 
slightly distorted boron icosahedra located at the vertices of the unit cell. Each icosahedral cluster is 
made of six polar (three boron atoms in the upper part of the icosahedron and three atoms in the 
lower part) and six equatorial atoms. Neighboring icosahedra are linked by two-center bonds 
between polar atoms and three-center bonds ∆ between equatorial atoms (Figs. 1a – 1c).  

Crystals of boron subphosphide, boron subnitride, boron subarsenide, and boron subsulphide are 
characterized by a similar structure in which impurity atoms involved in the interaction between 
neighboring icosahedrons are embedded at the sites of the ∆ bonds. Figures 1d – 1f show the 
stoichiometric structure of B12X2 crystals, where X is the doping atom. This stoichiometric structure 
is typical of boron suboxide, boron subphosphide, boron subsilicide, boron subarsenide, and boron 
subsulphide [1,2]. For boron subnitride, however, along with the foregoing, there are other model 
structures in which atomic chains between icosahedra consist of three atoms (N – B – N), or the 
structure contains both two- and three-atom chains [3–5]. Boron carbides also have a similar 
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