
Supplementary Material for Bickmore et al., Electronic structure effects in the vectorial bond valence model 
 
Table S1.  Data compilation for all atoms analyzed.  The columns, from left to right, compile 1) the chemical formula of the 
compound, 2) the mineral name, if applicable, 3) the element represented by the atom, 4) its oxidation state, 5) the valence of the 
strongest bond to the atom, 6) the “minimum coordination number,” 7) the valence sum of bonds to the atom, 8) the vectorial valence 
sum of bonds to the atom, and 8) the reference where the crystal structure was found.  See the references after the table.   
 

Compound Mineral Name Element zi smax Nmin Si  Ref. 
AgO N/A Ag 2 0.402 4.977 1.413 0.000 (Wyckoff, 1963) 
AgO  Ag 2 0.560 3.574 2.500 0.000  
AgO  O -2 0.560 3.574 1.956 0.000  
Al2O3  Corundum Al 3 0.548 5.472 3.069 0.098 (Kirfel and Eichhorn, 1990) 
Al2O3   O -2 0.548 3.648 2.046 0.070  
κ-Al2O3  N/A Al 3 0.665 4.514 3.075 0.108 (Ollivier et al., 1997) 
κ-Al2O3   Al 3 0.742 4.043 2.990 0.306  
κ-Al2O3   Al 3 0.728 4.124 2.928 0.165  
κ-Al2O3   Al 3 0.618 4.858 2.870 0.159  
κ-Al2O3   O -2 0.683 2.927 2.077 0.069  
κ-Al2O3   O -2 0.651 3.073 2.006 0.125  
κ-Al2O3   O -2 0.728 2.749 2.075 0.218  
κ-Al2O3   O -2 0.441 4.535 1.749 0.324  
κ-Al2O3   O -2 0.742 2.695 1.971 0.314  
κ-Al2O3   O -2 0.665 3.010 1.986 0.261  
θ-Al2O3  N/A Al 3 0.794 3.777 2.910 0.237 (Husson and Repelin, 1996) 
θ-Al2O3   Al 3 0.595 5.039 2.975 0.108  
θ-Al2O3   O -2 0.601 3.327 1.888 0.365  
θ-Al2O3   O -2 0.638 3.134 2.013 0.175  
θ-Al2O3   O -2 0.794 2.518 1.985 0.259  
Al2SiO5  Andalusite Al 3 0.584 5.138 2.932 0.102 (Winter and Ghose, 1979) 
Al2SiO5   Al 3 0.602 4.980 2.990 0.038  



Al2SiO5   O -2 0.917 2.181 2.018 0.472  
Al2SiO5   O -2 0.978 2.045 2.107 0.357  
Al2SiO5   O -2 0.599 3.337 1.933 0.269  
Al2SiO5   O -2 0.952 2.101 1.950 0.520  
Al2SiO5   Si 4 0.978 4.090 4.035 0.114  
Al2SiO5  Kyanite Al 3 0.560 5.352 3.113 0.158 (Comodi et al., 1997) 
Al2SiO5   Al 3 0.514 5.839 3.005 0.023  
Al2SiO5   Al 3 0.539 5.563 3.004 0.100  
Al2SiO5   Al 3 0.595 5.038 3.161 0.088  
Al2SiO5   O -2 0.925 2.163 2.052 0.427  
Al2SiO5   O -2 0.558 3.587 2.029 0.574  
Al2SiO5   O -2 0.950 2.105 2.041 0.428  
Al2SiO5   O -2 0.945 2.116 2.049 0.429  
Al2SiO5   O -2 0.921 2.171 2.048 0.423  
Al2SiO5   O -2 0.511 3.911 2.008 0.518  
Al2SiO5   O -2 0.958 2.087 1.997 0.479  
Al2SiO5   O -2 0.970 2.062 2.020 0.504  
Al2SiO5   O -2 0.914 2.188 2.044 0.404  
Al2SiO5   O -2 0.918 2.180 2.048 0.436  
Al2SiO5   Si 4 0.970 4.123 4.037 0.045  
Al2SiO5   Si 4 0.958 4.174 4.015 0.024  
AlAsO4  Alarsite Al 3 0.714 4.199 2.914 0.031 (Sowa, 1991) 
AlAsO4   As 5 1.269 3.939 5.148 0.026  
AlAsO4   O -2 1.269 1.576 2.034 0.908  
AlAsO4   O -2 1.249 1.601 1.996 0.915  
AlPO4  Berlinite Al 3 0.734 4.089 3.009 0.017 (Muraoka and Kihara, 1997) 
AlPO4   O -2 1.243 1.609 2.030 0.796  
AlPO4   O -2 1.257 1.591 2.027 0.817  
AlPO4   P 5 1.257 3.978 5.102 0.031  
AlTaO4  Alumotantite Al 3 0.533 5.629 3.139 0.073 (Ercit et al., 1992) 



AlTaO4   O -2 0.699 2.861 2.032 0.203  
AlTaO4   O -2 0.901 2.221 2.060 0.324  
AlTaO4   Ta 5 0.901 5.552 5.044 0.048  
As2O5 Paulmooreite As 5 0.981 5.096 5.431 0.084 (Jansen, 1978) 
As2O5   As 5 1.318 3.792 5.293 0.092  
As2O5   O -2 0.981 2.038 2.072 0.717  
As2O5   O -2 1.295 1.544 2.178 0.918  
As2O5   O -2 1.318 1.517 2.218 0.963  
As2O5   O -2 1.188 1.684 2.111 1.026  
As2O5   O -2 1.201 1.665 2.145 1.017  
AsSbO3  Stibioclaudetite As 3 0.921 3.257 2.860 1.373 (Bodenstein et al., 1983) 
AsSbO3   O -2 0.986 2.028 2.036 0.773  
AsSbO3   O -2 0.916 2.184 1.947 0.900  
AsSbO3   O -2 0.938 2.133 2.019 0.834  
AsSbO3   Sb 3 0.986 3.043 3.141 1.618  
BaCO3  Witherite Ba 2 0.262 7.625 2.126 0.016 (Antoa and Hassan, 2009) 
BaCO3   C 4 1.275 3.136 3.875 0.119  
BaCO3   O -2 1.253 1.597 1.962 1.253  
BaCO3   O -2 1.275 1.568 2.020 1.275  
Ba(NO3)2  Nitrobarite Ba 2 0.193 10.352 2.209 0.000 (Nowotny and Heger, 1983) 
Ba(NO3)2   N 5 1.615 3.096 4.938 0.025  
Ba(NO3)2   O -2 1.615 1.238 2.014 1.615  
BaO N/A Ba 2 0.252 7.922 1.535 0.000 (Wyckoff, 1963) 
BaO  O -2 0.252 7.922 1.535 0.000  
BaSO4  Barite Ba 2 0.242 8.258 2.203 0.084 (Jacobsen et al., 1998) 
BaSO4   O -2 1.526 1.311 1.987 1.526  
BaSO4   O -2 1.489 1.343 2.010 1.489  
BaSO4   O -2 1.412 1.416 2.073 1.412  
BaSO4   S 6 1.526 3.933 5.940 0.011  
Be2SiO4  Phenakite Be 2 0.451 4.434 2.091 0.043 (Hazen and Au, 1986) 



Be2SiO4   Be 2 0.456 4.388 2.087 0.042  
Be2SiO4   O -2 0.949 2.107 2.067 0.453  
Be2SiO4   O -2 0.953 2.099 2.089 0.499  
Be2SiO4   O -2 0.952 2.101 2.046 0.532  
Be2SiO4   O -2 0.953 2.098 2.051 0.528  
Be2SiO4   Si 4 0.953 4.197 4.075 0.072  
BeAl2O4  Chrysoberyl Al 3 0.537 5.585 3.201 0.000 (Hazen, 1987) 
BeAl2O4   Al 3 0.535 5.607 2.883 0.031  
BeAl2O4   Be 2 0.502 3.981 2.184 0.112  
BeAl2O4   O -2 0.537 3.724 2.207 0.258  
BeAl2O4   O -2 0.535 3.738 2.121 0.284  
BeAl2O4   O -2 0.499 4.009 1.970 0.284  
BeO Brommelite Be 2 0.445 4.492 2.176 0.005 (Xu and Ching, 1993) 
BeO  O -2 0.445 4.492 2.176 0.005  
Bi2CuO4  Kusachiite Bi 3 0.794 3.778 2.967 1.319 (Garcia-Munoz et al., 1990) 
Bi2CuO4   Cu 2 0.448 4.463 1.919 0.078  
Bi2CuO4   O -2 0.794 2.519 1.963 0.665  
Bi2MoO6  Koechlinite Bi 3 0.710 4.223 3.052 1.105 (Teller et al., 1984) 
Bi2MoO6   Bi 3 0.690 4.351 3.045 1.083  
Bi2MoO6   Mo 6 1.495 4.013 6.110 0.645  
Bi2MoO6   O -2 1.159 1.726 1.931 0.948  
Bi2MoO6   O -2 0.690 2.900 2.105 0.263  
Bi2MoO6   O -2 0.710 2.816 2.180 0.263  
Bi2MoO6   O -2 1.495 1.338 2.128 1.079  
Bi2MoO6   O -2 1.424 1.405 2.019 1.129  
Bi2MoO6   O -2 1.127 1.775 1.844 0.830  
β-Bi2O3  N/A Bi 3 0.866 3.465 2.965 1.322 (Blower and Greaves, 1988) 
β-Bi2O3   O -2 0.803 2.492 1.891 0.312  
β-Bi2O3   O -2 0.866 2.310 2.147 0.723  
Bi2WO6  Russellite Bi 3 0.723 4.149 3.051 1.114 (Knight, 1992) 



Bi2WO6   Bi 3 0.707 4.244 3.081 1.107  
Bi2WO6   O -2 1.110 1.802 1.870 0.934  
Bi2WO6   O -2 0.707 2.829 2.176 0.254  
Bi2WO6   O -2 0.723 2.766 2.158 0.272  
Bi2WO6   O -2 1.275 1.568 1.983 0.784  
Bi2WO6   O -2 1.319 1.516 2.071 0.881  
Bi2WO6   O -2 1.066 1.876 1.814 0.772  
Bi2WO6   W 6 1.319 4.549 5.940 0.410  
BiAsO4  Rooseveltite As 5 1.275 3.921 5.063 0.166 (Bedlivy and Mereiter, 1982) 
BiAsO4   Bi 3 0.491 6.114 2.945 0.584  
BiAsO4   O -2 1.275 1.569 1.862 1.275  
BiAsO4   O -2 1.231 1.625 2.040 1.009  
BiAsO4   O -2 1.171 1.708 2.134 0.815  
BiAsO4   O -2 1.238 1.615 1.972 0.963  
BiPO4  Ximengite Bi 3 0.516 5.819 3.016 0.362 (Mooney-Slater, 1962) 
BiPO4   O -2 1.149 1.741 1.881 0.807  
BiPO4   O -2 1.149 1.740 1.972 0.830  
BiPO4   P 5 1.150 4.348 4.691 0.004  
BiVO4  Clinobisvanite Bi 3 0.465 6.455 3.059 0.425 (Sleight et al., 1979) 
BiVO4   O -2 1.055 1.895 2.143 0.529  
BiVO4   O -2 1.223 1.635 1.936 1.106  
BiVO4   V 5 1.223 4.088 5.098 0.249  
BiVO4  Dreyerite Bi 3 0.402 7.466 2.816 0.000 (Dreyer and Tillmanns, 1981) 
BiVO4   O -2 1.197 1.670 1.971 0.860  
BiVO4   V 5 1.197 4.176 5.067 0.000  

BiVO4  Pucherite Bi 3 0.497 6.042 3.002 0.578 
(Mereiter and Preisinger, 
1986) 

BiVO4   O -2 1.037 1.929 2.225 0.505  
BiVO4   O -2 1.285 1.557 1.855 1.285  
BiVO4   V 5 1.285 3.892 5.159 0.617  



Ca2SiO4  Larnite Ca 2 0.381 5.254 1.776 0.236 (Tsurumi et al., 1994) 
Ca2SiO4   Ca 2 0.280 7.141 1.878 0.033  
Ca2SiO4   O -2 1.024 1.954 1.926 0.670  
Ca2SiO4   O -2 1.191 1.680 2.135 1.191  
Ca2SiO4   O -2 1.378 1.452 2.269 1.378  
Ca2SiO4   O -2 0.863 2.317 1.861 0.583  
Ca2SiO4   Si 4 1.378 2.903 4.536 0.279  
Ca3(BO3)2  Takedaite B 3 0.936 3.206 2.860 0.062 (Vegas et al., 1975) 
Ca3(BO3)2   Ca 2 0.315 6.357 2.039 0.006  
Ca3(BO3)2   O -2 0.936 2.137 1.974 0.723  

Ca3(PO4)2  Tuite Ca 2 0.258 7.750 2.056 0.000 
(Sugiyama and Tokonami, 
1987) 

Ca3(PO4)2   Ca 2 0.394 5.081 2.078 0.069  
Ca3(PO4)2   O -2 1.242 1.610 1.970 0.848  
Ca3(PO4)2   O -2 1.216 1.644 2.066 1.216  
Ca3(PO4)2   P 5 1.242 4.025 5.060 0.021  
CaAl2O4  Dmitryivanovite Al 3 0.718 4.180 2.928 0.139 (Lazic et al., 2007) 
CaAl2O4   Al 3 0.722 4.154 2.872 0.112  
CaAl2O4   Al 3 0.704 4.259 2.850 0.094  
CaAl2O4   Al 3 0.727 4.128 2.918 0.103  
CaAl2O4   Ca 2 0.356 5.618 1.769 0.186  
CaAl2O4   Ca 2 0.316 6.327 1.655 0.226  
CaAl2O4   O -2 0.718 2.786 1.895 0.409  
CaAl2O4   O -2 0.727 2.752 1.835 0.462  
CaAl2O4   O -2 0.696 2.874 1.803 0.385  
CaAl2O4   O -2 0.713 2.804 1.881 0.337  
CaAl2O4   O -2 0.722 2.769 1.954 0.497  
CaAl2O4   O -2 0.688 2.909 1.806 0.530  
CaAl2O4   O -2 0.699 2.860 1.949 0.378  
CaAl2O4   O -2 0.712 2.810 1.869 0.392  



CaAl4O7  Grossite Al 3 0.735 4.080 2.867 0.115 (Goodwin and Lindop, 1970) 
CaAl4O7   Al 3 0.761 3.944 2.947 0.115  
CaAl4O7   Ca 2 0.325 6.153 1.811 0.100  
CaAl4O7   O -2 0.758 2.639 1.931 0.434  
CaAl4O7   O -2 0.710 2.818 1.866 0.359  
CaAl4O7   O -2 0.761 2.630 1.889 0.265  
CaAl4O7   O -2 0.655 3.053 1.999 0.283  
CaCO3  Aragonite C 4 1.301 3.076 4.047 0.193 (Antao and Hassan, 2009) 
CaCO3   Ca 2 0.279 7.173 2.078 0.020  
CaCO3   O -2 1.301 1.538 2.006 1.301  
CaCO3   O -2 1.293 1.547 2.060 1.293  
CaCO3  Calcite C 4 1.302 3.073 4.007 0.000 (Markgraf and Reeder, 1985) 
CaCO3   Ca 2 0.306 6.538 2.081 0.000  
CaCO3   O -2 1.302 1.537 2.029 1.302  
CaMn2O4  Marokite Ca 2 0.376 5.313 2.307 0.146 (Zouari et al., 2003) 
CaMn2O4   Mn 3 0.614 4.890 2.834 0.117  
CaMn2O4   O -2 0.551 3.631 1.878 0.379  
CaMn2O4   O -2 0.600 3.331 2.061 0.086  
CaMn2O4   O -2 0.614 3.260 2.018 0.433  
CaMoO4  Powellite Ca 2 0.252 7.928 2.116 0.000 (Hazen et al., 1985) 
CaMoO4   Mo 6 1.425 4.210 6.045 0.000  
CaMoO4   O -2 1.425 1.403 2.040 1.425  
CaO Lime Ca 2 0.276 7.239 1.725 0.000 (Fiquet et al., 1999) 
CaO  O -2 0.276 7.239 1.725 0.000  
CaSiO3  Wollastonite Ca 2 0.384 5.203 1.905 0.152 (Ohashi, 1984) 
CaSiO3   Ca 2 0.374 5.343 1.897 0.113  
CaSiO3   Ca 2 0.317 6.306 2.023 0.041  
CaSiO3   O -2 0.991 2.019 1.952 0.575  
CaSiO3   O -2 1.026 1.950 1.974 0.614  
CaSiO3   O -2 1.023 1.955 1.779 0.959  



CaSiO3   O -2 1.057 1.893 1.788 0.653  
CaSiO3   O -2 1.083 1.847 1.855 0.665  
CaSiO3   O -2 0.998 2.004 1.883 0.679  
CaSiO3   O -2 0.927 2.157 2.125 0.468  
CaSiO3   O -2 0.914 2.187 2.153 0.347  
CaSiO3   O -2 0.917 2.180 2.158 0.362  
CaSiO3   Si 4 1.057 3.786 3.948 0.064  
CaSiO3   Si 4 1.083 3.694 4.020 0.138  
CaSiO3   Si 4 1.023 3.910 3.874 0.154  
CaSO4  Anhydrite Ca 2 0.308 6.499 2.101 0.003 (Bezou et al., 1995) 
CaSO4   Ca 2 0.273 7.332 2.052 0.000  
CaSO4   O -2 1.400 1.428 1.976 1.400  
CaSO4   O -2 1.450 1.380 2.007 1.450  
CaSO4   O -2 1.434 1.395 1.944 1.434  
CaSO4   S 6 1.400 4.285 5.707 0.000  
CaSO4   S 6 1.450 4.139 5.873 0.079  
CaTiO3  Perovskite Ca 2 0.336 5.950 2.090 0.091 (Yamanaka et al., 2002) 
CaTiO3   O -2 0.643 3.111 2.011 0.089  
CaTiO3   O -2 0.636 3.143 2.028 0.079  
CaTiO3   Ti 4 0.643 6.223 3.976 0.000  
CaWO4  Scheelite Ca 2 0.257 7.768 2.108 0.000 (Hazen et al., 1985) 
CaWO4   O -2 1.365 1.465 1.988 1.365  
CaWO4   W 6 1.365 4.395 5.845 0.000  
CdCO3  Otavite C 4 1.305 3.066 4.045 0.000 (Bromiley et al., 2007) 
CdCO3   Cd 2 0.329 6.087 2.138 0.000  
CdCO3   O -2 1.305 1.533 2.061 0.966  
CdO Monteponite Cd 2 0.287 6.974 1.760 0.000 (Wyckoff, 1963) 
CdO  O -2 0.287 6.974 1.760 0.000  
CeAsO4  Ce-Gasparite As 5 1.229 4.068 4.968 0.174 (Brahim et al., 2002) 
CeAsO4   Ce 3 0.385 7.791 2.872 0.241  



CeAsO4   O -2 1.229 1.627 1.965 1.075  
CeAsO4   O -2 1.179 1.696 1.958 0.967  
CeAsO4   O -2 1.200 1.667 1.945 0.833  
CeAsO4   O -2 1.219 1.641 1.973 0.893  
CoO N/A Co 2 0.305 6.559 1.927 0.000 (Wyckoff, 1963) 
CoO  O -2 0.305 6.559 1.927 0.000  
CrO2  (Rutile structure) Cr 4 0.744 5.377 4.419 0.000 (Baur and Khan, 1971) 
CrO2   O -2 0.744 2.688 2.210 0.142  

CrO3  N/A Cr 6 1.645 3.648 5.808 0.512 
(Stephens and Cruickshank, 
1970) 

CrO3   O -2 1.177 1.699 2.378 0.740  
CrO3   O -2 1.633 1.225 1.656 1.645  
CrO3   O -2 1.645 1.216 1.773 1.595  
Cs2O N/A Cs 1 0.237 4.223 0.716 0.364 (Wyckoff, 1963) 
Cs2O  O -2 0.237 8.446 1.432 0.000  
Cs(NO3) N/A Cs 1 0.117 8.562 1.025 0.018 (Pohl and Gross, 1993) 
Cs(NO3)  Cs 1 0.120 8.362 1.088 0.022  
Cs(NO3)  Cs 1 0.118 8.460 1.065 0.041  
Cs(NO3)  N 5 1.743 2.869 5.102 0.043  
Cs(NO3)  N 5 1.760 2.841 5.069 0.145  
Cs(NO3)  N 5 1.935 2.584 5.117 0.299  
Cs(NO3)  O -2 1.658 1.207 2.068 1.658  
Cs(NO3)  O -2 1.743 1.147 2.066 1.743  
Cs(NO3)  O -2 1.621 1.234 2.021 1.621  
Cs(NO3)  O -2 1.645 1.216 2.079 1.645  
Cs(NO3)  O -2 1.760 1.137 2.122 1.760  
Cs(NO3)  O -2 1.583 1.263 1.919 1.583  
Cs(NO3)  O -2 1.935 1.034 2.269 1.935  
Cs(NO3)  O -2 1.519 1.316 1.899 1.519  
Cs(NO3)  O -2 1.579 1.266 2.020 1.579  



CuAs2O4  Trippkeite As 3 1.006 2.984 2.915 1.394 (Pertlik, 1975) 
CuAs2O4   Cu 2 0.438 4.568 2.092 0.000  
CuAs2O4   O -2 0.889 2.250 1.977 0.790  
CuAs2O4   O -2 1.006 1.989 1.985 0.684  
CuB2O4  Santarosaite B 3 0.798 3.759 3.195 0.048 (Martinez-Ripoll et al., 1971) 
CuB2O4   B 3 0.745 4.027 3.039 0.110  
CuB2O4   Cu 2 0.388 5.149 1.891 0.000  
CuB2O4   Cu 2 0.500 4.002 2.146 0.052  
CuB2O4   O -2 0.752 2.658 2.011 0.394  
CuB2O4   O -2 0.745 2.683 2.118 0.322  
CuB2O4   O -2 0.772 2.590 2.178 0.300  
CuB2O4   O -2 0.798 2.506 2.102 0.544  
CuSO4  Chalcocyanite Cu 2 0.467 4.283 2.119 0.000 (Wildner and Giester, 1988) 
CuSO4   O -2 1.534 1.303 1.934 1.534  
CuSO4   O -2 1.310 1.526 2.060 0.935  
CuSO4   O -2 1.489 1.343 2.069 1.192  
CuSO4   S 6 1.534 3.910 6.013 0.045  
CuTe2O5  Rajite Cu 2 0.435 4.596 2.021 0.135 (Hanke et al., 1973) 
CuTe2O5   O -2 1.263 1.583 1.964 1.150  
CuTe2O5   O -2 1.056 1.895 2.042 0.958  
CuTe2O5   O -2 1.206 1.659 2.023 0.891  
CuTe2O5   O -2 1.199 1.668 1.882 0.984  
CuTe2O5   O -2 1.238 1.616 1.956 1.077  
CuTe2O5   Te 4 1.206 3.318 3.917 1.903  
CuTe2O5   Te 4 1.263 3.166 3.929 1.790  
CuTeO3  Balyakinite Cu 2 0.450 4.440 1.927 0.153 (Lindqvist, 1972) 
CuTeO3   O -2 1.163 1.720 2.119 0.678  
CuTeO3   O -2 1.198 1.670 1.804 0.953  
CuTeO3   O -2 0.990 2.020 1.994 0.514  
CuTeO3   O -2 1.262 1.585 2.042 1.018  



CuTeO3   Te 4 1.262 3.170 4.068 1.899  
CuTeO3   Te 4 1.198 3.339 3.960 1.649  
DyPO4  Dy-Xenotime Dy 3 0.432 6.938 3.304 0.000 (Ni et al., 1995) 
DyPO4   O -2 1.210 1.653 2.077 0.785  
DyPO4   P 5 1.210 4.134 5.004 0.000  
ErPO4  Er-Xenotime Er 3 0.447 6.710 3.330 0.000 (Ni et al., 1995)  
ErPO4   O -2 1.214 1.647 2.091 0.777  
ErPO4   P 5 1.214 4.118 5.035 0.000  
EuO N/A Eu 2 0.252 7.928 1.568 0.000 (Wyckoff, 1963) 
EuO  O -2 0.252 7.928 1.568 0.000  
Fe2MO3O8  Kamiokite Fe 2 0.421 4.745 1.961 0.126 (Kanazawa and Sasaki, 1986) 
Fe2MO3O8   Fe 2 0.352 5.676 2.147 0.019  
Fe2MO3O8   Mo 4 0.666 6.010 3.862 0.159  
Fe2MO3O8   O -2 0.564 3.548 1.907 1.182  
Fe2MO3O8   O -2 0.481 4.156 2.004 0.268  
Fe2MO3O8   O -2 0.530 3.770 1.993 0.242  
Fe2MO3O8   O -2 0.666 3.005 1.935 0.678  
Fe2O3  Hematite Fe 3 0.568 5.278 2.977 0.038 (Blake et al., 1966) 
Fe2O3   O -2 0.568 3.519 1.984 0.020  
Fe2SiO4  Fayalite Fe 2 0.323 6.192 1.947 0.000 (Smyth, 1975) 
Fe2SiO4   Fe 2 0.352 5.678 1.884 0.022  
Fe2SiO4   O -2 0.937 2.135 1.960 0.475  
Fe2SiO4   O -2 0.905 2.210 1.977 0.697  
Fe2SiO4   O -2 0.990 2.021 1.929 0.817  
Fe2SiO4   Si 4 0.990 4.042 3.964 0.258  

Fe2(SO4)3  Mikasaite Fe 3 0.523 5.732 3.234 0.074 
(Christidis and Rentzeperis, 
1976) 

Fe2(SO4)3   Fe 3 0.519 5.786 3.177 0.015  
Fe2(SO4)3   O -2 1.493 1.339 2.087 1.051  
Fe2(SO4)3   O -2 1.484 1.348 2.065 1.145  



Fe2(SO4)3   O -2 1.500 1.333 2.055 1.161  
Fe2(SO4)3   O -2 1.496 1.337 2.057 1.113  
Fe2(SO4)3   S 6 1.500 4.000 6.129 0.042  
FeAl2O4  Hercynite Al 3 0.451 6.651 2.813 0.000 (Hill, 1984) 
FeAl2O4   Fe 2 0.458 4.364 2.459 0.000  
FeAl2O4   O -2 0.458 4.364 2.021 0.134  
FeCO3  Siderite C 4 1.285 3.112 4.063 0.000 (Graf, 1961a) 
FeCO3   Fe 2 0.309 6.470 2.119 0.000  
FeCO3   O -2 1.285 1.556 2.061 1.285  
FeCr2O4  Chromite Cr 3 0.463 6.483 2.881 0.000 (Lenaz et al., 2004) 
FeCr2O4   Fe 2 0.419 4.775 1.925 0.000  
FeCr2O4   O -2 0.463 4.323 1.921 0.296  
FeO Wustite Fe 2 0.301 6.644 1.924 0.000 (Wyckoff, 1963) 
FeO  O -2 0.301 6.644 1.924 0.000  
FePO4  Rodolicoite Fe 3 0.759 3.953 3.013 0.020 (Long et al., 1983) 
FePO4   O -2 1.275 1.569 2.085 0.836  
FePO4   O -2 1.190 1.681 1.929 0.834  
FePO4   P 5 1.275 3.922 5.018 0.015  
FeSB2O4  Schafarzikite Fe 2 0.336 5.953 1.999 0.000 (Fischer and Pertlik, 1975) 
FeSB2O4   O -2 0.852 2.346 2.082 0.504  
FeSB2O4   O -2 1.008 1.984 1.860 0.773  
FeSB2O4   Sb 3 1.008 2.977 2.943 1.451  
FeTiO3  Ilmenite Fe 2 0.354 5.652 2.066 0.103 (Wechsler and Prewitt, 1984) 
FeTiO3   O -2 0.741 2.701 2.001 0.376  
FeTiO3   Ti 4 0.742 5.392 3.939 0.006  
FeV2O4  Coulsonite Fe 2 0.424 4.719 1.931 0.000 (Reuter et al., 1969) 
FeV2O4   O -2 0.454 4.404 1.900 0.289  
FeV2O4   V 3 0.454 6.606 2.835 0.000  
Ga2O3  N/A Ga 3 0.732 4.099 2.996 0.119 (Åhman et al., 1996) 
Ga2O3   Ga 3 0.555 5.404 2.955 0.076  



Ga2O3   O -2 0.727 2.751 1.911 0.390  
Ga2O3   O -2 0.674 2.967 1.946 0.113  
Ga2O3   O -2 0.732 2.733 2.094 0.276  
GeO2  (Quartz structure) Ge 4 1.007 3.973 4.108 0.050 (Smith and Isaacs, 1964) 
GeO2   O -2 1.007 1.986 2.054 0.823  
GeO2  (Rutile structure) Ge 4 0.718 5.571 4.366 0.000 (Haines et al., 2000) 
GeO2   O -2 0.718 2.786 2.183 0.265  
HfO2  (Flourite structure) Hf 4 0.450 8.881 3.769 0.000 (Wyckoff, 1963) 
HfO2   O -2 0.450 4.440 1.884 0.000  
HfSiO4  Hafnon Hf 4 0.555 7.206 4.042 0.000 (Speer and Cooper, 1982) 
HfSiO4   O -2 0.972 2.057 2.034 0.446  
HfSiO4   Si 4 0.972 4.113 4.095 0.000  
HoPO4  Ho-Xenotime Ho 3 0.445 6.735 3.369 0.000 (Ni et al., 1995) 
HoPO4   O -2 1.225 1.633 2.110 0.788  
HoPO4   P 5 1.225 4.083 5.070 0.000  
K2CrO4  Tarapacaite Cr 6 1.462 4.103 5.880 0.012 (McGinnety, 1972) 
K2CrO4   K 1 0.182 5.487 0.879 0.126  
K2CrO4   K 1 0.159 6.289 1.132 0.041  
K2CrO4   O -2 1.462 1.368 1.943 1.462  
K2CrO4   O -2 1.421 1.407 1.988 1.421  
K2CrO4   O -2 1.443 1.386 1.980 1.443  
K2O N/A K 1 0.144 6.957 0.580 0.000 (Wyckoff, 1963) 
K2O  O -2 0.144 13.913 1.160 0.000  
K2SO4  Arcanite K 1 0.167 6.004 1.009 0.092 (McGinnety, 1972) 
K2SO4   K 1 0.165 6.065 1.173 0.038  
K2SO4   O -2 1.515 1.320 1.989 1.515  
K2SO4   O -2 1.468 1.362 2.068 1.468  
K2SO4   O -2 1.470 1.361 2.042 1.470  
K2SO4   S 6 1.515 3.959 5.958 0.030  
α-KNO3  N/A K 1 0.131 7.649 1.096 0.012 (Nimmo and Lucas, 1973) 



α-KNO3   N 5 1.635 3.058 4.952 0.042  
α-KNO3   O -2 1.635 1.223 2.012 1.635  
α-KNO3   O -2 1.616 1.237 2.018 1.616  
Li2B4O7  Diomignite B 3 0.992 3.024 3.020 0.098 (Krogh-Moe, 1962) 
Li2B4O7   B 3 0.834 3.598 2.557 0.756  
Li2B4O7   Li 1 0.394 2.539 1.066 0.247  
Li2B4O7   O -2 0.960 2.082 1.734 1.089  
Li2B4O7   O -2 0.865 2.313 1.880 0.882  
Li2B4O7   O -2 0.992 2.016 2.160 0.901  
Li2B4O7   O -2 0.739 2.706 1.739 0.854  
Li2CO3  Zabuyelite C 4 1.340 2.984 4.012 0.065 (Idemoto et al., 1998) 
Li2CO3   Li 1 0.244 4.101 1.030 0.029  
Li2CO3   O -2 1.340 1.492 1.999 1.340  
Li2CO3   O -2 1.276 1.568 2.036 1.276  
Li2O2 N/A Li 1 0.201 4.987 0.878 0.000 (Wyckoff, 1963) 
Li2O2  O -2 0.201 9.974 1.756 0.000  
Li3PO4  Lithiophosphate Li 1 0.240 4.170 1.035 0.039 (Baur, 1980) 
Li3PO4  Li 1 0.220 4.539 0.986 0.097  
Li3PO4  O -2 1.173 1.705 1.944 1.173  
Li3PO4  O -2 1.165 1.717 1.958 1.165  
Li3PO4  O -2 1.193 1.677 2.026 1.193  
Li3PO4  P 5 1.193 4.192 4.814 0.047  
LuPO4  Lu-Xenotime Lu 3 0.446 6.721 3.336 0.000 (Ni et al., 1995) 
LuPO4   O -2 1.219 1.640 2.101 0.784  
LuPO4   P 5 1.219 4.100 5.070 0.000  
Mg2B2O5  Suanite B 3 1.069 2.807 2.965 0.133 (G-C et al., 1995) 
Mg2B2O5  B 3 1.018 2.948 2.946 0.092  
Mg2B2O5  Mg 2 0.353 5.667 2.034 0.048  
Mg2B2O5  Mg 2 0.376 5.312 2.030 0.091  
Mg2B2O5  O -2 1.069 1.871 1.929 0.624  



Mg2B2O5  O -2 0.955 2.095 1.973 0.514  
Mg2B2O5  O -2 1.018 1.965 1.927 0.732  
Mg2B2O5  O -2 1.014 1.971 1.994 0.570  
Mg2B2O5  O -2 0.861 2.323 2.152 0.387  
Mg2SiO4  Forsterite Mg 2 0.319 6.261 1.999 0.000 (Smyth and Hazen, 1973) 
Mg2SiO4  Mg 2 0.330 6.056 1.879 0.031  
Mg2SiO4  O -2 0.985 2.031 2.002 0.529  
Mg2SiO4  O -2 0.901 2.219 1.997 0.718  
Mg2SiO4  O -2 0.939 2.130 1.906 0.759  
Mg2SiO4  Si 4 0.985 4.063 3.933 0.211  
Mg3B2O6 

Kotoite B 3 0.953 3.149 2.914 0.103 
(Effenberger and Pertlik, 
1984) 

Mg3B2O6  Mg 2 0.317 6.300 2.080 0.000  
Mg3B2O6  Mg 2 0.332 6.029 1.995 0.025  
Mg3B2O6  O -2 0.953 2.100 1.990 0.547  
Mg3B2O6  O -2 0.914 2.188 1.979 0.689  
Mg3(PO4)2  Farringtonite Mg 2 0.394 5.074 1.917 0.139 (Nord and Kierkegaard, 1968) 
Mg3(PO4)2  Mg 2 0.342 5.848 1.892 0.000  
Mg3(PO4)2  O -2 1.216 1.645 1.937 0.951  
Mg3(PO4)2  O -2 1.295 1.545 2.021 1.040  
Mg3(PO4)2  O -2 1.217 1.643 1.909 1.235  
Mg3(PO4)2  O -2 1.237 1.616 2.070 0.771  
Mg3(PO4)2  P 5 1.295 3.862 5.073 0.026  
MgCO3  Magnesite C 4 1.279 3.127 4.078 0.000 (Ross, 1997) 
MgCO3   Mg 2 0.300 6.667 2.112 0.000  
MgCO3   O -2 1.279 1.564 2.063 1.279  
MgO Periclase Mg 2 0.297 6.733 1.943 0.000 (Hazen, 1976) 
MgO  O -2 0.297 6.733 1.943 0.000  

MgSiO3  Enstatite Mg 2 0.362 5.523 2.095 0.091 
(Hugh-Jones and Angel, 
1994) 



MgSiO3   Mg 2 0.371 5.391 1.925 0.237  
MgSiO3   O -2 1.003 1.994 2.014 0.530  
MgSiO3   O -2 1.027 1.947 1.875 0.712  
MgSiO3   O -2 0.915 2.185 2.129 0.692  
MgSiO3   O -2 0.982 2.036 1.994 0.495  
MgSiO3   O -2 1.034 1.935 1.875 0.624  
MgSiO3   O -2 0.866 2.309 2.037 0.747  
MgSiO3   Si 4 1.027 3.895 3.998 0.105  
MgSiO3   Si 4 1.034 3.869 3.905 0.094  

MgTiO3  Geikielite Mg 2 0.353 5.670 1.983 0.056 
(Liferovich and Mitchell, 
2006) 

MgTiO3   O -2 0.762 2.626 1.999 0.425  
MgTiO3   Ti 4 0.762 5.246 4.016 0.035  
MnCO3  Rhodochrosite C 4 1.281 3.122 4.023 0.000 (Maslen et al., 1995) 
MnCO3   Mn 2 0.310 6.455 2.123 0.000  
MnCO3   O -2 1.281 1.561 2.049 1.281  
MnO2  Pyrolusite Mn 4 0.698 5.734 4.278 0.000 (Wyckoff, 1963) 
MnO2   O -2 0.698 2.867 2.139 0.181  
MnWO4  Hubnerite Mn 2 0.371 5.388 2.143 0.073 (Macavei and Schulz, 1993) 
MnWO4   O -2 0.988 2.025 2.020 0.667  
MnWO4   O -2 1.357 1.474 2.031 1.357  
MnWO4   W 6 1.357 4.421 5.960 0.381  
MoO2  N/A Mo 4 0.682 5.864 4.194 0.165 (Wyckoff, 1963) 
MoO2   O -2 0.682 2.932 2.215 0.307  
MoO2   O -2 0.621 3.219 1.978 0.104  
MoO3  Molybdite Mo 6 1.742 3.444 6.010 1.511 (Sitepu et al., 2005) 
MoO3   O -2 1.051 1.903 2.355 0.435  
MoO3   O -2 1.258 1.590 1.852 0.729  
MoO3   O -2 1.742 1.148 1.803 1.742  
Na2CO3  Natrite C 4 1.394 2.869 4.182 0.084 (Zubkova et al., 2002) 



Na2CO3  Na 1 0.200 5.006 1.255 0.000  
Na2CO3  Na 1 0.211 4.736 1.273 0.000  
Na2CO3  Na 1 0.120 8.319 0.953 0.035  
Na2CO3  O -2 1.394 1.434 2.157 1.394  
Na2CO3  O -2 1.332 1.502 2.085 1.332  
Na2O N/A Na 1 0.175 5.724 0.721 0.000 (Wyckoff, 1963) 
Na2O  O -2 0.175 11.449 1.441 0.000  

Na2SO4  Thenardite Na 1 0.202 4.956 1.124 0.068 
(Hawthorne and Ferguson, 
1975) 

Na2SO4  O -2 1.447 1.382 2.030 1.447  
Na2SO4  S 6 1.447 4.147 5.873 0.000  
Na2Ta4O11 Natrotantite Na 1 0.150 6.685 0.987 0.170 (Ercit et al., 1985) 
Na2Ta4O11  O -2 0.848 2.359 1.948 0.637  
Na2Ta4O11  O -2 0.758 2.639 1.989 0.018  
Na2Ta4O11  O -2 0.747 2.677 2.419 0.379  
Na2Ta4O11  Ta 5 0.848 5.897 5.268 0.030  
Na2Ta4O11  Ta 5 0.746 6.706 4.717 0.000  
NaNbO3  Lueshite Na 1 0.173 5.766 1.203 0.237 (Seidel and Hoffmann, 1976) 
NaNbO3   Na 1 0.173 5.766 1.203 0.237  
NaNbO3   Nb 5 1.005 4.974 4.956 0.313  
NaNbO3   Nb 5 1.005 4.974 4.956 0.313  
NaNbO3   O -2 1.005 1.990 2.053 0.526  
NaNbO3   O -2 1.005 1.990 2.053 0.526  
NaNbO3   O -2 1.005 1.990 2.053 0.526  
NaNbO3   O -2 1.005 1.990 2.053 0.526  
NaNO3  Nitratine N 5 1.632 3.063 5.012 0.000 (Paul and Pryor, 1972) 
NaNO3   Na 1 0.175 5.725 1.205 0.000  
NaNO3   O -2 1.632 1.225 2.072 1.632  
NiO Bunsenite Ni 2 0.306 6.542 1.934 0.000 (Wyckoff, 1963) 
NiO  O -2 0.306 6.542 1.934 0.000  



OsO2  (Rutile structure) O -2 0.659 3.036 2.033 0.073 (Baur and Khan, 1971) 
OsO2   Os 4 0.659 6.072 4.066 0.000  
P2O5  N/A O -2 1.132 1.766 2.322 0.684 (Stachel et al., 1995) 
P2O5  O -2 1.473 1.358 1.660 1.413  
P2O5  O -2 1.521 1.315 1.629 1.519  
P2O5  O -2 1.127 1.775 2.285 0.770  
P2O5  P 5 1.473 3.395 5.087 0.083  
P2O5  P 5 1.521 3.286 5.094 0.002  
Pb2As2O5   Paulmooreite As 3 1.050 2.856 3.023 1.466 (Araki et al., 1980) 
Pb2As2O5  As 3 1.088 2.756 2.986 1.426  
Pb2As2O5  O -2 1.042 1.919 2.081 0.718  
Pb2As2O5  O -2 1.050 1.904 2.026 0.679  
Pb2As2O5  O -2 0.864 2.314 1.940 0.808  
Pb2As2O5  O -2 0.988 2.024 1.983 0.663  
Pb2As2O5  O -2 1.088 1.838 1.925 0.735  
Pb2As2O5  Pb 2 0.520 3.843 2.001 0.939  
Pb2As2O5  Pb 2 0.573 3.492 1.946 0.890  
Pb2OCrO4  Phoenicochroite Cr 6 1.448 4.144 5.618 0.205 (Williams et al., 1970) 
Pb2OCrO4  O -2 1.275 1.569 1.949 1.063  
Pb2OCrO4  O -2 1.267 1.578 1.887 0.889  
Pb2OCrO4  O -2 1.448 1.381 1.968 1.448  
Pb2OCrO4  O -2 0.567 3.529 2.150 0.077  
Pb2OCrO4  Pb 2 0.567 3.529 2.236 0.912  
Pb2OCrO4  Pb 2 0.483 4.138 2.068 0.861  
Pb2OSO4  Lanarkite O -2 1.545 1.295 2.054 1.545 (Sahl, 1970) 
Pb2OSO4  O -2 1.420 1.409 1.892 1.420  
Pb2OSO4  O -2 1.504 1.330 2.025 1.504  
Pb2OSO4  O -2 0.524 3.814 2.101 0.006  
Pb2OSO4  Pb 2 0.524 3.814 2.095 0.883  
Pb2OSO4  Pb 2 0.515 3.887 1.930 0.820  



Pb2OSO4  S 6 1.545 3.884 5.939 0.089  
Pb2V2O7  Chervetite O -2 1.157 1.729 1.922 1.055 (Kawahara, 1967) 
Pb2V2O7  O -2 1.103 1.813 1.839 1.066  
Pb2V2O7  O -2 0.847 2.360 1.451 0.847  
Pb2V2O7  O -2 0.970 2.061 2.196 0.930  
Pb2V2O7  O -2 1.148 1.742 2.078 0.778  
Pb2V2O7  O -2 1.263 1.584 1.784 1.263  
Pb2V2O7  O -2 1.331 1.503 2.223 1.083  
Pb2V2O7  Pb 2 0.399 5.012 1.876 0.401  
Pb2V2O7  Pb 2 0.589 3.396 2.253 0.360  
Pb2V2O7  V 5 1.157 4.322 4.348 0.109  
Pb2V2O7  V 5 1.331 3.757 5.017 0.485  
PbCO3  Cerussite C 4 1.301 3.075 3.975 0.100 (Antao and Hassan, 2009) 
PbCO3   O -2 1.274 1.570 1.938 1.274  
PbCO3   O -2 1.301 1.537 2.010 1.301  
PbCO3   Pb 2 0.263 7.616 1.983 0.076  
PbCrO4  Crocoite Cr 6 1.548 3.875 5.999 0.290 (Quareni and De Pieri, 1965) 
PbCrO4   O -2 1.548 1.292 2.206 1.548  
PbCrO4   O -2 1.360 1.470 1.978 1.360  
PbCrO4   O -2 1.396 1.433 1.953 1.396  
PbCrO4   O -2 1.381 1.449 1.997 1.381  
PbCrO4   Pb 2 0.310 6.442 2.135 0.284  
PbMoO4  Wulfenite Mo 6 1.430 4.194 5.932 0.000 (Lugli et al., 1999) 
PbMoO4   O -2 1.430 1.398 2.001 1.430  
PbMoO4   Pb 2 0.254 7.863 2.071 0.000  
PbO Litharge Pb 2 0.507 3.948 2.066 1.025 (Boher et al., 1985) 
PbO  O -2 0.507 3.948 2.066 0.000  
PbO Massicot Pb 2 0.626 3.195 1.997 1.028 (Hill, 1985) 
PbO  O -2 0.626 3.195 1.997 0.386  
PbO2  Plattnerite O -2 0.701 2.853 2.116 0.183 (Baur and Khan, 1971) 



PbO2   Pb 4 0.701 5.706 4.232 0.000  
PbO2  Scrutinyite O -2 0.686 2.917 2.099 0.290 (Wyckoff, 1963) 
PbO2   Pb 4 0.686 5.834 4.198 0.466  
PbSB2O6  Rosiaite O -2 0.797 2.511 1.937 0.754 (Basso et al., 1996) 
PbSB2O6  Pb 2 0.290 6.889 1.930 0.000  
PbSB2O6  Sb 5 0.797 6.277 4.843 0.001  
PbSeO3  Molybdomenite O -2 1.346 1.486 1.818 1.346 (Pasero and Rotiroti, 2003) 
PbSeO3   O -2 1.182 1.691 1.902 1.076  
PbSeO3   Pb 2 0.305 6.563 1.742 0.366  
PbSeO3   Se 4 1.346 2.973 3.880 1.698  
PbSiO3  Alamosite O -2 0.950 2.106 2.056 0.000 (Boucher and Peacor, 1968) 
PbSiO3   O -2 0.920 2.173 2.024 0.789  
PbSiO3   O -2 0.998 2.004 2.080 0.459  
PbSiO3   O -2 1.015 1.970 2.043 0.804  
PbSiO3   O -2 0.965 2.072 1.979 0.532  
PbSiO3   O -2 0.941 2.125 1.907 0.435  
PbSiO3   O -2 1.001 1.997 1.928 0.679  
PbSiO3   O -2 0.971 2.060 1.822 0.685  
PbSiO3   O -2 0.973 2.056 2.018 0.465  
PbSiO3   O -2 0.956 2.093 1.953 0.738  
PbSiO3   Pb 2 0.551 3.628 1.867 0.856  
PbSiO3   Pb 2 0.615 3.250 2.210 1.054  
PbSiO3   Pb 2 0.517 3.870 1.998 0.858  
PbSiO3   Si 4 0.965 4.144 3.798 0.107  
PbSiO3   Si 4 1.001 3.994 3.871 0.116  
PbSiO3   Si 4 1.015 3.940 4.026 0.118  
PbSO3  Scotlandite O -2 1.375 1.454 1.909 1.375 (Pertlik and Zemann, 1985) 
PbSO3   O -2 1.305 1.533 1.983 1.305  
PbSO3   Pb 2 0.275 7.279 1.773 0.297  
PbSO3   S 4 1.375 2.909 4.101 1.685  



PbSO4  Anglesite O -2 1.508 1.326 1.969 1.508 (Jacobsen et al., 1998) 
PbSO4   O -2 1.468 1.362 1.973 1.468  
PbSO4   O -2 1.424 1.404 2.006 1.424  
PbSO4   Pb 2 0.256 7.820 1.992 0.195  
PbSO4   S 6 1.508 3.978 5.961 0.018  
PbTiO3  Macedonite O -2 0.919 2.176 1.891 0.653 (Glazer and Mabud, 1978) 
PbTiO3   O -2 0.602 3.322 2.006 0.200  
PbTiO3   Pb 2 0.315 6.359 2.198 0.684  
PbTiO3   Ti 4 0.919 4.351 3.704 0.259  
PbWO4  Raspite O -2 0.966 2.071 1.920 0.970 (Fujita et al., 1977) 
PbWO4   O -2 0.855 2.340 2.084 0.424  
PbWO4   O -2 1.494 1.339 2.001 1.494  
PbWO4   O -2 1.217 1.644 1.931 0.963  
PbWO4   Pb 2 0.506 3.955 2.157 0.505  
PbWO4   W 6 1.494 4.017 5.780 0.543  
PbWO4  Stolzite O -2 1.386 1.443 1.948 1.386 (Chipaux et al., 2001) 
PbWO4   Pb 2 0.253 7.903 2.018 0.000  
PbWO4   W 6 1.386 4.330 5.776 0.000  
Rb2O N/A O -2 0.133 15.014 1.071 0.000 (Wyckoff, 1963) 
Rb2O  Rb 1 0.133 7.507 0.535 0.000  
ReO2  N/A O -2 0.732 2.734 2.221 0.302 (Wyckoff, 1963) 
ReO2   Re 4 0.732 5.468 4.442 0.084  
RuO2  (Rutile structure) O -2 0.718 2.787 2.155 0.097 (Baur and Khan, 1971) 
RuO2   Ru 4 0.718 5.574 4.310 0.000  
Sb2O3  Senarmontite O -2 0.874 2.289 1.972 0.705 (Svensson, 1975) 
Sb2O3  Sb 3 0.874 3.433 2.958 1.348  
Sb2O5 N/A Sb 5 1.009 4.956 5.050 0.306 (Jansen, 1979) 
Sb2O5  O -2 0.695 2.876 1.984 0.246  
Sb2O5  O -2 1.009 1.982 2.062 0.684  
Sb2O5  O -2 0.965 2.073 2.009 0.831  



Sb2VO5  Stibivanite O -2 1.383 1.447 1.580 1.383 (Merlino et al., 1989) 
Sb2VO5   O -2 0.796 2.512 2.078 0.528  
Sb2VO5   O -2 0.852 2.347 1.975 0.614  
Sb2VO5   Sb 3 0.852 3.520 2.937 1.375  
Sb2VO5   V 4 1.383 2.893 3.811 0.674  
Sc2O3  Refined O -2 0.495 4.040 1.966 0.210 (Geller, 1967) 
Sc2O3  Sc 3 0.454 6.605 2.906 0.000  
Sc2O3  Sc 3 0.495 6.059 2.962 0.049  
ScPO4  Pretulite O -2 1.211 1.651 2.080 0.804 (Bernhard et al., 1998) 
ScPO4   P 5 1.211 4.129 5.083 0.000  
ScPO4   Sc 3 0.420 7.149 3.237 0.000  
SeO2  N/A O -2 1.020 1.961 2.089 0.992 (Stahl et al., 1992) 
SeO2   O -2 1.518 1.317 1.841 1.518  
SeO2   Se 4 1.518 2.635 3.930 1.865  
SeO3  N/A O -2 1.126 1.777 2.134 1.012 (Mijlhoff, 1965) 
SeO3   O -2 1.862 1.074 1.924 1.839  
SeO3   O -2 1.823 1.097 1.896 1.807  
SeO3   Se 6 1.862 3.222 5.955 0.150  
SiO2  Coesite O -2 1.030 1.941 2.112 0.000 (Levien and Prewitt, 1981) 
SiO2   O -2 0.993 2.014 2.049 0.621  
SiO2   O -2 0.989 2.023 2.058 0.591  
SiO2   O -2 1.006 1.988 2.078 0.519  
SiO2   O -2 0.979 2.043 2.042 0.688  
SiO2   Si 4 1.030 3.882 4.137 0.022  
SiO2   Si 4 1.006 3.975 4.122 0.032  
SiO2  Cristobalite O -2 1.013 1.974 2.065 0.583 (Downs and Palmer, 1994) 
SiO2   Si 4 1.013 3.949 4.131 0.037  
SiO2  Quartz O -2 1.008 1.984 2.052 0.621 (Levien et al., 1980) 
SiO2   Si 4 1.008 3.967 4.105 0.028  
SiO2  Stishovite O -2 0.709 2.819 2.195 0.301 (Ross et al., 1990) 



SiO2   Si 4 0.709 5.638 4.390 0.000  
SiO2  Tridymite O -2 1.024 1.953 2.079 0.454 (Dollase and Baur, 1976) 
SiO2   O -2 1.043 1.918 2.088 0.567  
SiO2   O -2 1.005 1.990 2.044 0.584  
SiO2   O -2 1.046 1.911 2.094 0.440  
SiO2   O -2 1.041 1.922 2.065 0.616  
SiO2   O -2 1.019 1.963 2.057 0.642  
SiO2   O -2 1.022 1.957 2.079 0.449  
SiO2   O -2 1.033 1.937 2.089 0.629  
SiO2   O -2 1.032 1.938 2.064 0.584  
SiO2   O -2 1.055 1.896 2.130 0.405  
SiO2   O -2 1.060 1.887 2.064 0.506  
SiO2   O -2 1.042 1.919 2.083 0.481  
SiO2   O -2 1.028 1.945 2.080 0.426  
SiO2   O -2 1.019 1.963 2.045 0.555  
SiO2   O -2 1.039 1.925 2.068 0.559  
SiO2   O -2 1.024 1.953 2.077 0.547  
SiO2   O -2 1.032 1.937 2.066 0.574  
SiO2   O -2 1.040 1.923 2.079 0.545  
SiO2   O -2 1.035 1.933 2.068 0.589  
SiO2   O -2 1.018 1.964 2.068 0.595  
SiO2   O -2 1.050 1.904 2.100 0.580  
SiO2   O -2 1.008 1.985 2.039 0.541  
SiO2   O -2 1.030 1.943 2.048 0.595  
SiO2   O -2 1.073 1.863 2.149 0.047  
SiO2   Si 4 1.044 3.831 4.179 0.031  
SiO2   Si 4 1.046 3.823 4.174 0.054  
SiO2   Si 4 1.060 3.774 4.203 0.039  
SiO2   Si 4 1.017 3.932 4.078 0.018  
SiO2   Si 4 1.033 3.874 4.168 0.054  



SiO2   Si 4 1.024 3.906 4.089 0.041  
SiO2   Si 4 1.055 3.792 4.164 0.073  
SiO2   Si 4 1.039 3.851 4.134 0.043  
SiO2   Si 4 1.040 3.847 4.091 0.077  
SiO2   Si 4 1.035 3.865 4.176 0.015  
SiO2   Si 4 1.042 3.839 4.144 0.046  
SiO2   Si 4 1.073 3.727 4.222 0.061  
SnO Romarchite O -2 0.467 4.281 1.929 0.000 (Wyckoff, 1963) 
SnO  Sn 2 0.467 4.281 1.929 0.969  
SnO2  Cassiterite O -2 0.650 3.079 1.994 0.170 (Baur and Khan, 1971) 
SnO2   Sn 4 0.650 6.158 3.988 0.000  
SnTa2O6  Thoreaulite O -2 1.023 1.956 2.064 0.462 (Maksimova et al., 1975) 
SnTa2O6  O -2 0.892 2.242 1.891 0.341  
SnTa2O6  O -2 1.090 1.834 2.073 0.584  
SnTa2O6  O -2 0.935 2.139 1.955 0.508  
SnTa2O6  O -2 0.832 2.402 2.054 0.151  
SnTa2O6  O -2 0.683 2.927 2.059 0.145  
SnTa2O6  Sn 2 0.592 3.379 2.189 0.998  
SnTa2O6  Ta 5 1.090 4.586 5.035 0.332  
SnTa2O6  Ta 5 0.935 5.346 4.872 0.267  
SrCO3  Strontianite C 4 1.284 3.115 3.962 0.055 (Antao and Hassan, 2009) 
SrCO3   O -2 1.281 1.561 1.968 1.281  
SrCO3   O -2 1.284 1.558 2.022 1.284  
SrCO3   Sr 2 0.260 7.691 2.051 0.019  
Sr(NO3)2  N/A N 5 1.616 3.095 4.989 0.019 (Howotny and Heger, 1983) 
Sr(NO3)2  O -2 1.616 1.238 2.003 1.616  
Sr(NO3)2  Sr 2 0.187 10.687 2.038 0.000  
SrSO4  Celestite O -2 1.512 1.322 2.017 1.512 (Jacobsen et al., 1998) 
SrSO4   O -2 1.474 1.357 1.966 1.474  
SrSO4   O -2 1.434 1.395 2.038 1.434  



SrSO4   S 6 1.512 3.967 6.005 0.023  
SrSO4   Sr 2 0.286 6.987 2.054 0.159  
SrTiO3  Tausonite O -2 0.635 3.151 2.004 0.000 (Mitchell et al., 2000) 
SrTiO3   Sr 2 0.169 11.819 2.078 0.000  
SrTiO3   Ti 4 0.635 6.303 3.933 0.000  
TbO2  (Flourite structure) O -2 0.547 3.655 2.295 0.000 (Wyckoff, 1963) 
TbO2   Tb 4 0.547 7.310 4.590 0.000  
TbPO4  Tb-Xenotime O -2 1.213 1.648 2.061 0.798 (Ni et al., 1995) 
TbPO4   P 5 1.213 4.121 5.015 0.000  
TbPO4   Tb 3 0.422 7.115 3.230 0.000  
TeO2  Paratellurite O -2 0.825 2.424 1.839 0.659 (Wyckoff, 1963) 
TeO2   Te 4 0.825 4.849 3.678 0.923  
TeO2  Tellurite O -2 1.208 1.656 1.980 1.219 (Beyer, 1967) 
TeO2   O -2 1.067 1.875 1.922 0.722  
TeO2   Te 4 1.208 3.312 3.902 1.560  
TiO2  Anatase O -2 0.659 3.035 2.035 0.329 (Horn et al., 1972) 
TiO2   Ti 4 0.659 6.069 4.069 0.000  
TiO2  Brookite O -2 0.759 2.636 2.074 0.393 (Meagher and Lager, 1979) 
TiO2   O -2 0.673 2.972 2.024 0.139  
TiO2   Ti 4 0.759 5.271 4.098 0.161  
TiO2  Rutile O -2 0.642 3.117 2.058 0.235 (Meagher and Lager, 1979) 
TiO2   Ti 4 0.642 6.235 4.115 0.000  
TiTe3O8  Winstanleyite O -2 1.237 1.617 2.037 0.873 (Bindi and Cipriani, 2003) 
TiTe3O8  O -2 0.670 2.984 2.094 0.359  
TiTe3O8  Te 4 1.237 3.233 4.147 1.818  
TiTe3O8  Ti 4 0.631 6.337 3.972 0.000  
Tl2O3  Avicennite O -2 0.672 2.975 2.202 0.162 (Otto et al., 1993) 
Tl2O3  Tl 3 0.541 5.541 3.272 0.000  
Tl2O3  Tl 3 0.672 4.463 3.313 0.083  
TmPO4  Tm-Xenotime O -2 1.163 1.720 2.088 0.703 (Ni et al., 1995) 



TmPO4   P 5 1.163 4.299 4.834 0.000  
TmPO4   Tm 3 0.476 6.297 3.516 0.000  
VO N/A O -2 0.405 4.939 2.623 0.000 (Wyckoff, 1963) 
VO  V 2 0.405 4.939 2.623 0.000  
VO2  N/A O -2 0.771 2.593 2.130 0.580 (Wyckoff, 1963) 
VO2   O -2 0.971 2.060 2.133 0.314  
VO2   V 4 0.971 4.119 4.263 0.332  
WO3  N/A O -2 0.898 2.227 1.827 0.000 (Gerand et al., 1979) 
WO3   O -2 1.050 1.904 2.127 0.535  
WO3   W 6 1.050 5.712 6.080 0.000  
Y2O3  N/A O -2 0.490 4.081 1.880 0.181 (Baldinozzi et al., 1998) 
Y2O3  Y 3 0.490 6.121 2.822 0.067  
Y2O3  Y 3 0.452 6.641 2.816 0.000  
YPO4  Y-Xenotime O -2 1.202 1.664 2.082 0.783 (Ni et al., 1995) 
YPO4   P 5 1.202 4.160 4.976 0.000  
YPO4   Y 3 0.429 6.997 3.351 0.000  
YTaO4  Formanite O -2 0.721 2.775 2.066 0.377 (Wolten, 1967) 
YTaO4   O -2 0.871 2.295 1.930 0.522  
YTaO4   Ta 5 0.871 5.738 4.672 0.129  
YTaO4   Y 3 0.484 6.194 3.321 0.103  
Zn2SiO4 Willemite O -2 0.932 2.147 1.977 0.379 (Klaska et al., 1978) 
Zn2SiO4  O -2 0.956 2.093 1.985 0.422  
Zn2SiO4  O -2 0.922 2.168 1.891 0.418  
Zn2SiO4  O -2 0.953 2.098 1.972 0.416  
Zn2SiO4  Si 4 0.956 4.186 3.846 0.082  
Zn2SiO4  Zn 2 0.484 4.130 2.013 0.096  
Zn2SiO4  Zn 2 0.490 4.084 1.967 0.061  
Zn3(AsO3)2  Reinerite As 3 1.036 2.895 3.060 1.465 (Ghose et al., 1977) 
Zn3(AsO3)2  As 3 0.992 3.025 3.018 1.499  
Zn3(AsO3)2  O -2 1.036 1.930 1.971 0.448  



Zn3(AsO3)2  O -2 0.986 2.029 1.956 0.593  
Zn3(AsO3)2  O -2 0.988 2.024 1.983 0.430  
Zn3(AsO3)2  O -2 0.991 2.019 1.996 0.482  
Zn3(AsO3)2  Zn 2 0.499 4.006 1.911 0.076  
Zn3(AsO3)2  Zn 2 0.480 4.162 1.949 0.024  
ZnAl2O4  Gahnite Al 3 0.478 6.277 2.983 0.000 (Popovic et al., 2009) 
ZnAl2O4  O -2 0.478 4.184 2.013 0.247  
ZnAl2O4  Zn 2 0.476 4.198 2.084 0.000  
ZnAs2O4  Leiteite As 3 1.074 2.792 3.028 1.488 (Ghose et al., 1987) 
ZnAs2O4  As 3 1.113 2.696 3.068 1.503  
ZnAs2O4  O -2 0.900 2.222 1.960 0.865  
ZnAs2O4  O -2 0.901 2.220 1.952 0.883  
ZnAs2O4  O -2 1.074 1.861 2.010 0.622  
ZnAs2O4  O -2 1.113 1.797 2.027 0.655  
ZnAs2O4  Zn 2 0.468 4.273 1.853 0.057  
ZnCO3  Smithsonite C 4 1.285 3.112 4.092 0.000 (Graf, 1961b) 
ZnCO3   O -2 1.285 1.556 2.061 0.968  
ZnCO3   Zn 2 0.322 6.209 2.092 0.000  
ZnCr2O4  Zincochromite Cr 3 0.507 5.914 3.155 0.000 (Levy et al., 2005) 
ZnCr2O4  O -2 0.507 3.943 1.992 0.369  
ZnCr2O4  Zn 2 0.381 5.255 1.658 0.000  
ZnMn2O4  Hetaerolite Mn 3 0.571 5.255 3.000 0.000 (Nogues and Poix, 1972) 
ZnMn2O4  O -2 0.571 3.503 1.950 0.423  
ZnMn2O4  Zn 2 0.419 4.779 1.803 0.000  
ZnO Zincite O -2 0.452 4.429 1.859 0.014 (Kihara and Donnay, 1985) 
ZnO  Zn 2 0.452 4.429 1.859 0.014  
ZnSB2O6  Ordonezite O -2 0.822 2.433 2.053 0.666 (Ercit et al., 2002) 
ZnSB2O6  O -2 0.884 2.263 2.066 0.362  
ZnSB2O6  Sb 5 0.884 5.659 5.083 0.079  
ZnSB2O6  Zn 2 0.353 5.670 2.202 0.000  



ZrO2  (Cubic Zirconia) O -2 0.489 4.088 2.054 0.000 (Wyckoff, 1963) 
ZrO2   Zr 4 0.489 8.176 4.109 0.000  

ZrO2  
(Orthorhombic 

zirconia) O -2 0.657 3.046 1.941 0.049 (Kisi, 1989) 
ZrO2   O -2 0.582 3.437 2.084 0.182  
ZrO2   Zr 4 0.657 6.091 4.025 0.152  
ZrSiO4  N/A O -2 0.968 2.067 2.050 0.437 (Kolesov et al., 2001) 
ZrSiO4   Si 4 0.968 4.134 4.069 0.000  
ZrSiO4   Zr 4 0.561 7.127 4.130 0.000  
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