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Theoretical Studies on the Structures and Properties of Mineral Pigments Realgar and Orpiment
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Abstract: The realgar As,S, and orpiment As,S;, used as yellow pigment in traditional Chinese painting, are low
toxic minerals. However, it is well known that the arsenic As,O, is a virulent poison. The toxic effect of arsenide is
relative to its water-solubility. In order to study the stabilities and water-solubility of realgar and orpiment, the arse-
nide As,S,, As,S;, As,0;, As,Os, As,S;, and As,S; were calculated by density functional theory B3LYP/6-31G
(d) method. The results reveal that the energies of valent orbitals in S atom are higher than those in O atom and
closer to those in As atom. Therefore, the As—S bonds are much stronger than the As—O bonds, and the polarity
of As—S bonds is much weaker than the As—O bonds. Besides the strong As—S bonds, there is strong As—As o
bond in arsenic sulfides. This is the reason of high stabilities of arsenic sulfides. Contrary to the notable positive
charge of As and negative charge of O in As,0, and As,Os, the little positive charge on As and negative charge on
S lead to the very weak interactions between arsenic sulfides and water. Therefore, all the arsenic sulfides possess
poor water solubility. Especially for the As,S, and As,S; possessing D,, and D, symmetry respectively, they are all
nonpolar molecules and more poorly soluble in water. This results in the low toxicity of As,S, and As,S;. As a re-
sult, the murals or picture posters painted with realgar and orpiment can not be spoiled by dampness and rain.
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Table 1  Optimized bond lengths and experimental parameters nm

Compoud Bond Exp® ' B3LYP/6 -31G(d)  B3LYP/SDD HF/6 -31G(d) HF/SDD
As,S, Asl—As2 0.2579 0.256 8 0.256 8 0.250 2 0.263 9
As1—S5 0.2229 0.2257 0.2257 0.2227 0.233 6

As, S, As1—S3 0.2280 0.2321 0.2450 0.227 6 0.240 5
Asl—As2 0.3220 0.2717 0.297 6 0.274 6 0.301 0

As,S, As1—S5 0.223 0 0.2258 0.2377 0.222 1 0.233 2
As2—S5 0.2221 0.2249 0.2350 0.2229 0.2330

As2—As3 0.246 1 0.2479 0.260 3 0.243 2 0.2539

As, S Asl—As2 0.2527 0.2526 0.267 6 0.246 5 0.233 3
As1—S5 0.224 0 0.226 1 0.236 6 0.223 1 0.234 1

As3—S5 0.2250 0.226 7 0.238 6 0.2227 0.2349

As3—S9 0.226 1 0.227 8 0.239 2 0.224 1 0.348 4

As, 0, As—O 0.179 9 0.180 3 0.1837 0.176 0 0.179 4
As—As 0.3242 0.321 8 0.333 6 0.3180 0.3307

As, Oy As1—03 0.177 6 0.179 5 0.172 0 0.172 4
As1—04 0.162 1 0.166 3 0.157 6 0.163 0

As1—05 0.1619 0.166 1 0.157 7 0.163 0

As—As 0.320 2 0.343 7 0.319 2 0.344 8
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Figure 1
B3LYP/6 -31G(d) method
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Molecular structures, NPA charges, Mulliken charges (in parenthesis) and Wiberg bond indexes of arsenides calculated by
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Table 2 NBO analysis for the chemical bonding of arsenides calculated by B3LYP/6 —31G( d) method

2s(0) or 2p(0) or
Molecule Bond Occupation As/ % 4s(As)/% 4p(As)/%
3s5(S)/% 3p(S)/%
As,S, Tt o 1.942 50.00 6.72 92.67 — —
Ol _ss 1.972 38.00 8.37 90.48 11.78 87.95
As, S, Ori-s 1.978 37.89 6.03 92.50 8.12 91.59
As, S, Ol _ss 1.966 37.71 8.26 90.57 12.31 87.43
Oro_ss 1.970 38.17 8.60 90. 38 12.92 86.83
[ J 1.965 50.00 5.76 93.52 — —
As, S O pul - a2 1.940 50.00 7.46 91.92 — —
O pal 55 1.973 38.05 8.35 90. 60 12.23 87.50
Opa_ss 1.969 37.85 8.20 90. 65 11.55 88.19
[ Ve 1.974 37.22 7.83 91.10 12.00 87.76
As, O, Ol _ 05 1.972 17.51 7.71 91.48 23.58 76.34
As, O Ol _03 1.951 19.62 23.32 75.68 21.76 78.16
T sl - 04 1.999 20.06 0.00 97.56 0.00 99.78
T ael -4 1.929 31.70 37.54 62.02 12.79 87.02
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Figure 2 NBO diagrams of As,0; and As,S, calculated by B3LYP/6 —31G(d) method
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Table 3  Energies of natural atomic obital (NAO) in arsenides calculated by BALYP/6 —31G(d) method  (a.u.)

2s(0) or  2px(0) or 2py(0) or 2pz(0) or

Molecule 4s(As) 4px(As) 4py(As) 4pz( As) 36(8) 3px(8) 3py(S) 3pa(S)
As, S, -0.557 -0.081 -0.077 -0.127 -0.990 -0.348 -0.357 -0.371
As, S, -0.693 -0.228 -0.198 -0.198 -0.833 -0.258 -0.268 -0.271
As,S; -0.662 -0.184 -0.213 -0.183 -0.686 -0.199 -0.189 -0.203
As, S —-0.680 -0.200 -0.224 -0.190 -0.824 -0.279 -0.280 -0.279
As, O, -0.585 -0.065 0.069 0.068 -1.299 -0.538 -0.528 -0.529
As, O -0.527 -0.010 -0.083 -0.217 -1.064 -0.424 -0.479 -0.412
BE, LT T As (19 4s 4p MBPUERE. IIE,S 5 As  SRIGFRENE.
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