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Boron of -rhombohedral modification (β-B) doped with metals (Me) is a promising high-temperature 

thermoelectric [1]. The Me atoms usually fill interstitials called as A, D and E. The quasi-classical calculations 

focused on binding energy of Me impurities in β-B lattice and their electron levels were presented elsewhere [2]. 

Present work is an attempt to analyze how these impurities act as scattering centers for heat-carrying 

phonons reducing thermal conductivity and improving in this way the β-B’s thermoelectric figure-of-merit. The 

vibration frequencies ω Me (in cm−1) for 17 dopant metals (Li, Mg, Al, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zr, Nb, Hf, Ta 

and Re) have been calculated by same method. 

In the -B phonon spectrum [3], there are bands at 150 – 650 and 650 –1050 cm−1, and also the peak at 

1250 cm−1 (indicating vibrations of the unit cell central atom). All of the calculated vibration frequencies ω Me lie 

above these bands, within the range 1080 – 4380 cm−1, and, therefore, should be attributed to localized modes. The 

only experimental report [4] on the localized mode identified as the vibration of Ta atoms accommodated in -B 

crystal is 2200 cm−1, which is well-consistent with 2260 cm−1 calculated for Ta localized in a D-interstitial. 

More detailed comparison can be realized based on the thermal conductivity measurements. Let 

concentration of Me impurities equals to A Me, while T is the sample’s temperature. For the physical case, we can 

significantly simplify the expression [5] of momentum relaxation time of heat-carrying phonons scattered by 

localized vibrations. If the thermal conductivity κ Me of doped -B is calculated according to Matthiessen rule 

κ 0 /κ Me ≈ 1 + ħω Me A Me / k T exp ((ħω Me – ε) / k T ), where κ 0 is the thermal conductivity of undoped -B determined 

by the cumulative effect of all mechanisms of scattering except for the scattering by localized vibrations. By solving 

this equation with respect to the unknown energy-parameter ε we obtain its value from measurable ones. 

In most cases, ε has almost identical values, 0.5 – 0.6 eV, which can be interpreted in such a way that all of 

the impurities effectively scatter phonons. If the doping effects of a given Me for interstitials of any type can be 

described by almost the same ε, we can assume that those atoms in all possible positions act as almost identical 

scattering centers. The last is true for relatively light elements – V, Fe, Co, Ni and Cu – due to the proximity of 

frequencies. However, for heavy elements Zr and Hf accommodated in D- and E-type interstitials, we obtain lower 

ε : 0.2 – 0.4 eV. It should be associated with noticeable differences in frequencies of localized vibrations of heavy 

atoms when they are located in the interstitials of various types. Note that the thermal conductivity in Zr- and 

Hf-doped -B can be explained by the same ε if we assume that these impurities are predominantly concentrated in 

the A-type voids. Structural studies of the samples doped with Zr and Hf indicate the high, low and middle 

occupancies of interstitials of type A, D and E, respectively, that is consistent with above interpretation. For the 

relatively light elements, particularly Fe and Cu, the occupancies are quite different: low – high − very low and low − 

high − high, respectively. But in such cases, the distribution of impurities between interstitials not has a significant 

effect on the κ Me. 
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