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Molecular Simulation of Water Behaviors on Hydroxyapatite Crystal Faces
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Abstract: The water behaviors on the (100) and (001) crystal faces of HAP have been studied by using molecular
dynamic simulations (MD). The results show that water molecules between the HAP faces are in a strong electri-
cal field and high pressure environment and 2~3 well-organized water layers are formed on crystal surfaces.
These structured water layers show ice-liked behaviors. Compared with crystallographical [100] direction of HAP,
the polarity at the [001] direction is stronger, which could result in more structured-water layers. The interaction
of water molecules with the calcium and phosphate sites has also been studied at the HAP-water interface. The
interaction result indicates the multiple pathways of water adsorption onto the HAP surfaces. This study reveales
the formation and the detailed structure of water layers on HAP surfaces, which plays an important role in kinetic

stability of the HAP particles in aqueous solutions.
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Table 1 Force field parameters of BMH and L] fitting parameters for HAP

Atom &/ (kJ-mol™) o/ mm p/nm R/ nm C /(1072 Jenm)
Ca 05159 0.290 67 0.008 0 0.130 0 1215 1
P 4.101 4 0.349 19 0.0150 0.170 0 6.835 1
oP 1.075 7 0.300 44 0.013 5 0.130 0 2278 4
OH 0474 4 0.310 73 0.011 1 0.130 0 15189
H" 0.000 0 0.000 00 0.001 0 0.010 0 0.001 5

“in BMH function, w = 1.155 2 x 10 J-nm™;

" The fitting value is very small.
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Table 2 HAP cell parameters obtained from the

computer simulations and experiments

van der Vaals @/ nm b/ nm ¢/ nm
Simu 1 (310 K) BMH 09377 09377 0.666 8
Simu 2 (310 K) L) 09262 09262 0.6732
Exp 11 09432 09432 0.688 1
Exp 21! 0.942 32 0.942 32 0.688 33
’ 2 6
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Fig.1 Snapshot and density profile of water on the HAP (001) faces
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Table 3 Internal energies and pressures of different HAP-water systems
System Internal energy
Surface Density / (kg-m™) Electrical field / (V+-nm™) Water numbers (rmsd) / (kJ - mol™) Pressure (msd) / Pa
(001) 1250 20.06 1534 —46.14(0.08) 1.460(0.266) x 10°
1250 0 1534 —42.39(0.11) 1.108 6(0.038 4) x 10°
* 1 000(NPT) 0 1534 -41.07(0.06) 1x10°
(100) 1230 19.80 1552 —47.48(0.09) 1.776 5(0.037 9) x 10°
1230 0 1552 -42.26(0.11) 9.843(0.378) x 10°
* 1 000(NPT) 0 1552 —-41.08(0.06) 1 x10°

* NPT ensemble, P=1 x 10° Pa, density is about 1 000 kg-m™.
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