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Preparation of hexagonal plates of magnesium hydroxide and mechanism
analysis with first principles
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Abstract: Hexagonal plates of magnesium hydroxide were prepared by one-step hydrothermal method with
magnesium nitrate or magnesium chloride as starting materials and gaseous ammonia as precipitator. Scanning
electron microscope (SEM) and X-ray powder diffraction (XRD) were employed to characterize the products. The
energy, electronic structures and population of exposing plane of all developing facets in the magnesium
hydroxide crystals were calculated by the first principle methods based on plane wave pseudo-potential theory.
The results showed that the P track played a leading role to maintain lattice structure stability of magnesium
hydroxide planes. Total surface energy of (001) plane was lower than all the others, while bonding strength of
O—Mg bond and H—Mg bond were strong. Thus, (001) plane had a higher thermodynamic stability, giving a
reasonable explanation for morphology of hexagonal plates of magnesium hydroxide.
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Fig.1 SEM images of products with different magnesium salt
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Fig.2 XRD patterns of products with different magnesium salt
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Table 1 Fermi energies and surface energies of magnesium

hydroxide
hkl EfermileV Eqrilkcal * mol™
001 236619 -2.2932
100 -3.38829 ~1.4102
101 —4.39531 ~1.6869
110 —6.26373 -1.2277
102 —4.63979 -1.8156
103 —4.88644 ~1.8347
111 —5.45671 ~1.2346
201 -5.35375 ~1.4862

Note: 1 cal =4.18 J.
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Fig.3 Ideal growth morphology of each crystal magnesium
hydroxide
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Fig.4 Density of states of magnesium hydroxide and its surface slab models
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Table 2 Population of magnesium hydroxide and its

surface
hkl H (6] Mg O—Mg H—Mg
magnesium hydroxide 0.6200 7.1200 6.5200 -1.5200 —0.2400
001 0.6375 6.9225 6.8800 -2.1100 -0.2100
100 0.5750 7.1675 6.5200 -1.0533 -0.1267
101 0.6050 7.1600 6.4700 —1.1600 —0.1840
110 0.5550 7.2150 6.4550 —0.8700 —0.0650
102 0.5700 7.1725 6.5100 —1.0700 -0.1180
103 0.5850 7.1625 6.5050 —1.1920 -0.1775
111 0.5475 7.2125 6.4750 —0.9400 —0.0900
201 0.5775 7.1825 6.4750 -1.4625 -0.1775
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