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Fig. 1 Unit-cell structure of FeS, (a) and super cell structure of FeS, doped with As: (b) Fe3,Sg3As; (¢) Fe6S31As; (d) FegSisAs
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Table 1 Equivalent lattice constant and energy of Fe(S;_As,), (x=0, 0.0156, 0.03125, 0.0625) after optimization
Fe(S|-.As,)» a/nm b/nm ¢/nm V/mm® Total energy/eV Total energy/eV
Undoped FeS,(Calculated) 5.379 5.379 5.379 0.1556 —5702.55 —45620.40
x=0.0156(2X2X2) 5.387 5.387 5.387 0.1563 —45513.53 —45513.53
x=0.0312(2X2X1) 5.391 5.391 5.389 0.1566 —22703.12 —45406.24
x=0.0625(2X1X1) 5.408 5.402 5.402 0.1578 —11298.05 —45192.20
Total energy: Total energy of Fe(S;_,As,), convert to energy in 2 X2 X2 super cell.
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Effect of As doping concentration on
electronic structure and optical properties of FeS,

MA Wan-kun!, CHEN Jian-hua?, ZHANG Guo-fan', LI Yu-qiongz, FENG Qi-ming1

(1. School of Minerals Processing and Bioengineering, Central South University, Changsha 410083, China;
2. College of Resources and Metallurgy, Guangxi University, Nanning 530004, China)

Abstract: Aimed at verifying the effect of As doping concentration on FeS,, geometrical structure, electronic structure
and optical properties of As-doped FeS, were calculated using pseudo-potential plane-wave method of the first principle
based on the density function theory. Three supercells (2X2X2, 2X2X1 and 2X1X1) were introduced to achieve
different doping concentrations (1.93%, 3.82% and 7.48%, mass fraction). The results of geometrical structure, electronic
structure show that lattice constant and volume of unit cell increase with As addition, the conduction band moves
negatively while the width of forbidden band decreases. Moreover, the density of states in the range of —10.4 — —9.5 eV
exhibits impurity level composed of As p. The calculation of optical properties reveals the static dielectric constant,
refractive index and photo conductivity aggrandize with the ever-increasing doping concentration, which indicates FeS,
doped As possesses stronger absorption capacity of light and higher photoelectric conversion efficiency. Therefore, the
calculation lays some theory foundation for exploitation and development of FeS, photoelectric materials.
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