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Fig. 1 Schematic of surface deformation
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Fig.2 The dependence of surface energy density on the strain

of Au (100)
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Table 1 Surface elastic parameters of the (100) free surface calculated for FCC metals using the Johnson EAM potential

(the first row), the next row represents the corresponding results extracted from Ref.[21]

eV/A?
FCC Y Sifl Dl Dla1o Dlize
U R U R U R U R U R

Au 0.054 0.051 0.222 0.089 -1.326 -0.510 -0.387 -0.301 -0.703 -0.402
0.054 0.051 0.220 0.093 -1.192 —-0.443 -0.282 -0.198 —-0.758 -0.354
cu 0.078 0.078 0.105 0.068 -0.628 -0.418 -0.224 -0.232 —-0.005 -0.122
0.077 0.076 0.118 0.088 -0.557 -0.395 -0.079 -0.084 -0.070 -0.036
Pd 0.090 0.090 0.203 0.090 -1.467 -0.726 -0.360 -0.349 -0.703 -0.643
0.087 0.086 0.212 0.124 -1.310 -0.757 -0.188 -0.177 -0.720 -0.481
Pt 0.096 0.093 0.320 0.146 -2.022 -0.917 -0.590 -0.501 -1.163 -0.861
0.097 0.092 0.322 0.157 -1.835 -0.827 —-0.403 -0.320 -1.054 -0.581
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% 2 Johnsor#s, FCC(111)RMEMRESH (£ 117), 530K [21] B4R (5 217) MLt
Table 2 Surface elastic parameters of the (111) free surface calculated for FCC metals using the Johnson EAM potential

(the first row), the next row represents the corresponding results extracted from Ref.[21]

eV/A?
FCC 4 Shi Dl Dla1n Dlizo
U R U R U R U R U R

Au 0.046 0.045 0.195 0.149 -1.031 —-0.808 -0.260 -0.228 0.083 —-0.906
0.046 0.044 0.193 0.104 -0.918 -0.509 -0.392 -0.192 -0.166 -0.106
cu 0.072 0.072 0.067 0.057 -0.212 -0.182 -0.214 -0.210 -1.44 -0.196
0.071 0.070 0.079 0.059 -0.155 —-0.100 0.075 0.093 -0.076 —-0.066
Pd 0.081 0.080 0.167 0.127 -1.020 -0.827 -0.295 -0.275 -0.144 -0.970
0.078 0.077 0.174 0.115 -0.878 -0.614 -0.432 -0.286 -0.135 -0.105
Pt 0.084 0.083 0.275 0.211 -1.463 -1.162 -0.417 -0.375 0.814 0.661
0.084 0.081 0.275 0.165 -1.297 -0.803 -0.521 -0.283 -0.250 -0.177

% 3 Sutton#, FCC(100)@RERIRESE (5 117), FF53CHK [22] BILER (3 217) Mt
Table 3 Surface elastic parameters of the (100) free surface calculated for FCC metals using the Sutton potential

(the first row), the next row represents the corresponding results extracted from Ref.[22]

eV/A?
FCC Y Shi DI DP210 Di120
] R U R U R U R U R

Au 0.041 0.039 0.173 0.074 -1.133 -0.371 -0.442 -0.323 -0.557 -0.319
0.041 0.038 0.172 0.094 -1.092 -0.474 -0.361 -0.262 -0.645 -0.336
Al 0.037 0.037 0.126 0.110 -0.639 -0.513 -0.241 -0.221 -0.342 -0.398
0.037 0.032 0.126 0.084 -0.603 -0.296 -0.169 -0.126 -0.383 -0.218
cu 0.072 0.072 0.135 0.081 -0.928 -0.528 0.023 -0.304 -0.087 -0.054
0.074 0.067 0.142 0.135 -0.855 -0.528 -0.170 -0.134 -0.398 -0.368
Pd 0.071 0.070 0.146 0.100 -1.258 -0.843 -0.375 -0.364 -0.503 -0.200
0.071 0.068 0.145 0.127 -1.186 -0.991 -0.235 -0.216 -0.478 -0.402
Pt 0.069 0.065 0.289 0.124 -1.901 -0.622 -0.743 -0.542 -1.383 -0.244
0.069 0.063 0.290 0.157 -1.835 -0.784 -0.605 -0.444 -1.082 -0.624

% 4 Sutton#, FCC(L1ID)EMAIRESH (5 117), FH 530K [22] LR (3 217) 2Lt
Table 4 Surface elastic parameters of the (111) free surface calculated for FCC metals using the Sutton potential

(the first row), the next row represents the corresponding results extracted from Ref.[22]

eV/A?
FCC Y Shi Dl Dla1o Dlizo
U R U R U R U R U R
Au 0.035 0.035 0.154 0.109 —-0.908 —-0.650 -0.291 -0.241 -0.013 0.169
0.039 0.036 0.154 0.138 -0.876 -0.832 -0.276 -0.207 -0.223 -0.166
Al 0.033 0.032 0.114 0.080 -0.568 -0.404 -0.161 -0.145 -0.876 2.32
0.034 0.022 0.114 0.101 -0.539 —-0.458 -0.213 -0.183 -0.106 —-0.086
cu 0.067 0.067 0.113 0.094 -0.656 -0.565 -0.264 -0.250 -2.302 -0.151
0.068 0.051 0.112 0.093 -0.591 -0.412 -0.218 -0.141 -0.130 -0.092
Pd 0.064 0.064 0.121 0.101 -0.791 -0.681 -0.310 -0.293 —-0.706 -0.168
0.064 0.055 0.140 0.127 -0.730 -0.659 -0.343 -0.237 -0.183 -0.162
Pt 0.059 0.058 0.258 0.187 -1522 -1112 -0.492 -0.410 -0.669 -0.344
0.060 0.047 0.258 0.223 -1.472 -0.736 -0.464 -0.336 -0.375 -0.270
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DETERMINATIONS OF SURFACE ELASTIC PARAMETERS OF FCC-METALS BY
USING THE CAUCHY-BORN RULE Y

Liu Jianyun Song Jingru Wei Yueguahg
(LNM, Institute of Mechanics Chinese Academy of ScienceBeijing 100190 Ching)

Abstract First, fundamental relations on the surface energy density and surface elastic constitutive equations are derive

based on the trans-scale mechanics theory considering both strain gradient and siedés¢heough energy variation.

Second, a new method to determine both surface energy density and surface elastic parameters is developed based o
simple quasi-continuity scheme, Cauchy-Born rule. Furthermore, taking the face-centre-cubic (FCC) metals as examples
we systematically obtain the values of the surface elastic parameters for typical fcc metals which are consistent with other

results by using the molecular dynamic simulations.

Key words trans-scale mechanics theory, FCC metals, Cauchy-Born rule, surface energy density, surface elastic param

eter
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