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Calculation of Au surface energy by
molecular dynamics combined with neural networks

TANG Wei, ZHU Ding-yi, CHEN Lrjuan, GUAN Xiang-feng
(School of M aterials Science and Engineering, Fuzhou University, Fuzhou 350002, China)

Abstract: Via embedded-atom model and molecular dynamics simulation, the surface energies of three low-index
and some high-index planes were calculated for precious metal Au, and the error back-propagation network ( BP) de-
veloped by Levenberg-M arquardt algorithm was adopted. Combining the data calculated with the molecular dynamics
model, a great deal of data were trained many times and compared with the calculated data, and the prediction of
high-index surface energy was performed. The results show that the method has high predicting accuracy. The order
of the three low-index planes was predicted exactly. The surface energies on the other planes show a tendency that
first increasing and then decreasing with angle between the planes and (111) plane increasing.
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Table 1 Physical parameters and model

parameters of precious metal Au

Physical parameters

a/ nm & nm3 E./eV  Evr/eV  B/GPa  G/GPa
0.408 0.01698  3.93 0.90 171 31.0
Model parameters
fe ¢/ eV a B Y
0.23 0. 65 6.37 6.67 8.20
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Table 2 Angle between planes and three low-index planes and surface energies

thkl)/(.]. m72)

Angle between Angle between Angle between

(hkl) Prrggite planes and plane (100) planes and plane (110) planes and plane (111)

MD calculated Predicted related error/ % 01/(°) 02/ (°) 0/ (°)
100 0.886 0.8870 0.11287 0 45.00 54.74
110 0.976 0.9839 0.809 43 45.00 0 35.26
111 0. 693 0.6936 0. 086 58 54.74 35.26 0
112 0.8517 65.91 54.73 19. 47
121 0.829 1 65.91 30. 00 19.47
210 1.014 1.0126 - 0.13807 26.57 18.43 39.23
211 0.8306 35.26 30. 00 19.47
221 0.8599 48.19 19.47 15.78
310 0.997 0.996 0 - 0.10030 18.43 26.87 43.09
311 0.982 1 25.24 31.48 29.49
312 0.807 8 36.70 40. 90 22.21
320 1.011 1.0120 0.098 91 33.69 11.30 36. 81
321 0.8729 36.70 19. 11 22.21
331 0.907 8 46.51 13.27 22.00
332 0.805 8 50. 24 25.24 10. 04
410 0.979 0.9800 0.102 15 14. 04 30.96 45.56
411 0.999 8 19.47 33.56 35.26
412 0.9258 29.20 39.51 28.13
413 0.8518 38.33 46.10 25.07
430 1.005 1.005 1 0. 009 95 39. 66 8. 15 36.07
510 0. 966 0. 9660 0 11.31 33.68 47.20
520 1.006 1.005 8 - 0.019 88 21.80 23.21 41.37
530 1.014 1.0137 - 0.02959 30.96 14.05 37.62
540 1.001 1.003 8 0.279 72 38. 66 6.33 35.76
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