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ABSTRACT According to the empirical electron theory of solids and molecules, the valence electron
structures of MoSiy and WSi, were quantitatively studied, and the numbers of valence electrons on
every bond in MoSi; and WSi, crystals were calculated by the method of bond length difference. The
results showed that the strongest bonds in the unit cells of MoSi; and WSiy; were Mo—Si and W-Si
bond along (331) direction, respectively, whose valence electron numbers and the bond energy have
great impact on the hardnesses and melting points of the two crystals. Since the numbers of lattice
electrons in a crystal influence its conductivity and plasticity, the conductivity and plasticity of MoSis
with higher density of lattice electron are better than WSis. Also, it is infered that the brittlenesses
of MoSis and WSis could be explained primarily by a heterogeneity of bond distribution.
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Table 1 Structure parameters of MoSiz and WSiy obtained form experiments and calculations

Research method Phase Lattice parameter, nm Si atomic position
a c c/a u

Powder method!”] MoSi 0.3200 0.7861 2.457 0.333¢
WSis 0.3212 0.7880 2.453 0.333¢
LAPWI MoSis 0.3222 0.7883 2.447 0.3355¢
WSig 0.3230 0.7867 2.436 0.3351c¢
Pseudo—potentialis] MoSia 0.3202 0.7852 2.452 0.3374c¢
WSig 0.3211 0.7868 2.450 0.3366¢
Rietveld refinement![1?] MoSiy 0.32064 0.78478 2.448 0.3353¢
Single-crystal XRDI1] MoSiz 0.32056 0.78450 2.447 0.3353¢
WSiy 0.32138 0.78299 2.436 0.3347¢
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Table 2 Hybridization state parameters of Mo,W and Si atoms

7 !

Atom o R(l), nm l m n T m'  n T Che Cto NTe Nle Neo
Mo C3 0.10801 1 0 5 0 0 0 4 1 0.9492 0.0508 5.8984 0.9492 4.9492
w Cc7 0.11699 1 0 5 0 0 0 4 1 0.8021 0.1979 5.6042 0.8021 4.8021
Si 1 0.11700 2 2 0 0 1 3 0 1 1 0 4 2 2
Si 3 0.11700 2 2 0 0 1 3 0 1 0.8320 0.1681 4 1.664 2.336

Note: o—name of hybridization level; R(I)—half bond length; I,m,n and ', m/, n’—covalence and electron numbers of s,

p, d in h and t states, respectively; T, 7/—parameters, when s eletron is covanlence one, 7 = 7=1, when s electron is

latlice one, 7 = 7' = 0; C},, and Cir,—compositions of h and t states in o level, respectively; nt,,niy, nco— total

valence electron number, lattice and covalence electron numbers in o level respectively
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Table 3 Valence electron structure of MoSis

Bond Bonded atom 1o N Dpa, nm ﬁna, nm E., kJ/mol
A Mo-Si 32 0.25888 0.26092 0.26022 26.420
B Si—Si 16 0.33466 0.26322 0.26252 21.488
C Mo—Si 8 0.23874 0.26303 0.26233 24.169
D Si—Si 4 0.40204 0.25844 0.25774 26.293
E Si-Si 16 0.03706 0.32056 0.31986 1.953
F Mo—-Mo 8 0.01859 0.32056 0.31986 2.278

$=0.060 nm, AD = |D, — Do| = 6.96 x 10~% nm.

E.=1681.2 kJ /mol, E.=1677.1 kJ /mol, AE../E.=0.24%

Note: Dy and ﬁa—measured and calculated bond lengths, respectively; no—number of covalence electron pair; Eo—bond

energy; F. and E.—measured and calculated binding energies, respectively
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Table 4 Valence electron structure of WSis

Bond Bonded atom I Na D(na), nm ﬁ(na), nm FE/kJ, mol
A W-Si 32 0.30697 0.26152 0.26476 33.397
B Si-Si 16 0.28869 0.26313 0.26637 22.078
C W-Si 8 0.30056 0.26207 0.26531 32.631
D Si-Si 4 0.34022 0.25885 0.26209 26.445
D) Si—Si 16 0.03087 0.32138 0.32462 1.938
F W-W 8 0.03085 0.32138 0.32462 3.764

8=0.060 nm, AD = |Dy — Do) = 3.24 x 1073 nm
E.=1844.6 kJ/mol, E.=1859.5 kJ/mol, AE./E.=0.81%
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Fig.2 Projection of the bonds in MoSiz unit cell on (100)
plane O —Mo (at 0a); ® —Ni (at 0.5a); O —Si (at
0a); W -Si (at 0.5a)
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