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Abstract: The adsorption of HCHO molecules on perfect and S-deficient FeS,(100) surfaces was studied with a periodic slab model by
Perdue-Burke-Ernzerhof approach of General Gradient Approximation within the framework of the density functional theory. The calculated
results show that HCHO reacted with both surfaces through the O atom. HCHO adsorbed aslant on the Fe-top site on the perfect surface,
while there were two stable structures for HCHO on the S-deficient surface, where HCHO bonded with one and two fourfold-coordinate Fe
cations, respectively. The calculation of density of states, Mulliken population, and vibrational frequencies of the adsorption systems indi-
cated that the electrons transferred from the substrate to HCHO, and the bond of C=0 was elongated and weakened.
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Fig. 1. The supercell model of perfect (a) and S-deficient (b) FeS,
(100) surfaces.
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The density of states of bulk pyrite and (100) surfaces with
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Fig. 3. The possible adsorption modes of HCHO on the perfect and S-deficient FeS,(100) surfaces.
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Table 1 Adsorption energy and geometrical parameters for HCHO adsorbed on the perfect and S-deficient FeS,(100) surfaces

Mode E.q/(kJ/mol) dc.o/nm ZHCH (°) ZHCO (°) ZCOFe (°) dre.o/nM
Fe-top 63.3 0.1249 119.6 118.5 130.6 0.2012
Fex-top 84.0 0.1252 119.7 118.5 126.9 0.1973
S-def-top 53.6 0.1283 120.6 119.5 120.9/116.5 0.2167/0.2119
Gas-phase® — 0.1217 116.2 122.0 — —

“Predicted values.
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Fig, 4. The adsorption modes of HCHO on the perfect and S-deficient FeS,(100) surfaces.
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Fig. 5. Density of states for HCHO and the adjacent Fe atoms before
and after adsorption on FeS,(100) surfaces.
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Table 2 The atomic electrons n for the Fe of FeS,(100) surface and HCHO

Mode Ny-1s NH-15 ncp no-2p NFe-3d NFeA-3d TFeB-3d
Gas phase® 0.916 0.916 2.512 4.448 6.822 — —
Fe-top 0.864 0.872 2.526 4.502 6.784 — —
Fex-top 0.866 0.872 2.536 4.508 — 6.766 —
S-def-top 0.854 0.846 2.578 4.594 — 6.790 6.790

“Predicted values.
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Table 3 Calculated and experimental vibrational frequency for free
and adsorbed HCHO (unit in cm™)

Das 2N v Ocis prock wwag
Mode
(CH;) (CHy) (C=0) (CH;) (CH;) (CHy)
Fe-top 3100 2985 1406 1545 1181 965

Fea-top 3084 2963 1419 1558 1217 987
S-def-top 3935 3754 1417 2245 1721 1077
Free® 2896 2836 1710 1452 1180 1081
(371 2843 2782 1746 1500 1249 1167

*Predicted values.
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