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Me+, Me2+, Me3+, Me4+ impurities partition coefficients between forsterite crystals and melt have been 

experimentally determined. The forsterite single crystals Mg2SiO4 were grown from the melt by the 
Czochralski technique. Impurity concentrations in crystals were determined by various techniques: elec-
tron microprobe analysis (EM), neutron activation analysis (NAA), ICP emission spectrometry (ICP), and 
atom absorption analysis (AA), flame photometry (FP). 

Partition coefficients K were determined by extrapolation of function Cs/CLo = K = f (g) to g=0, where 
Cs is impurity concentration in crystal, CLo is an initial impurity concentration in the melt; g is the crystal-
lized part of the melt. Experimentally determined K values and corresponding analytical techniques used 
are shown in Table 1. 

Table 1. Impurity partition coefficients between forsterite crystal and melt (K) and their solution 
energies (Esol) 

Me+ Me2+ 

impirity 
Li Na K Rb Ni Co Fe Mn Ca Sr Ba 

К 0,007    0,75 0,53  0,39 0,073 7*10-4 4*10-4 
technique ICP, FP    EM EM  EM EM ICP, AA ICP, AA 

Esol 2,2 3,0 5,2 6,6 -0,1 -0,1 -0,2 -0,3 0,01 0,9 1,8 
Me3+ 

impirity 
Cr Ga Ti Sc Lu Yb Er Y Gd Eu Sm 

К 0,18 0,055  0,19 0,1  0,02  0,022 0,0054 0,007 
technique EM NAA  NAA NAA  NAA  EM NAA НАА 

Esol 2,0  1,8 1,7  1,8  1,9 2,1 2,1  
Me3+ Me4+ 

impirity 
Nd Pu La Ge Ti V Hf Zr Сe U Th 

К 0,002  0,002  0,06 0,07 0,0017 0,002    
technique NAA  NAA  ICP, EM EM NAA ICP, NAA    

Esol 2,3 2,3  -0,4 1,0 -0,3 3,0 5,1 6,5 7,3 7,2 
 
Computer simulation has been used for calculation of the intrinsic and impurity defects in forsterite 

crystals, as well as for calculation of solution energies (Esol) impurities of different valencies. Calculations 
have been proceeded in static approximation in the dilute limit by the GULP program using the ionic Me-
O interaction potentials from Ref. [1-3]. Energy of formation of Frenkel magnesium defect, the most fa-
vorite defects in forsterite is equal to 3,7 eV. The results of the calculation of the impurity solution ener-
gies are given in Table 1.  

Partition coefficients and impurity solution energies have parabolic dependencies upon the difference 
between impurity ionic radius and ionic radius of substituted matrix caution (∆r) (Figs. 1,2). K and Esol 
demonstrate parabolic dependencies also upon charge of impurity ion. Plots of linear correlation Esol - 
(∆r)2 and ln K- (∆r)2 for Me4+ impurities are steeper than for Me+, Me2+ and Me3+ impurities. It is appar-
ently connected with higher rigidity of tetrahedral site compared to octahedral sites. 
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Fig. 1. Dependences impurity solution energy Esol in 
forsterite crystal upon (∆r)2 
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Fig. 2. Dependencies between lnK and (∆r)2 for impuri-
ties of different valencies in forsterite 
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Fig. 3. Correlation dependencies between partition coeffi-
cients of impurities and their solution energy in forsterite 
 

For isovalent substitution the linear de-
pendencies Esol - (∆r)2 and ln K- (∆r)2 can be 
represented by straight lines, passing through 
the origin of coordinates. For heterovalent sub-
stitutions they are significantly shifted from the 
origin. For the dependence Esol - (∆r)2 this dis-
placement is equal to about 2 eV, which is 
close to one half of energy of magnesium 
Frenkel defect formation.  

The displacement from the origin for de-
pendence of solution heat of Me2+ in alcali-
halide crystals upon (∆r)2 is equal to 1 eV [4], 
what is close to the formation energy of intrin-
sic Schottky defect, the most favorite defect in 
those crystals. 

Correlation dependencies between partition 
coefficients of impurities and their solution 
energies in forsterite have been found (see Fig. 
3). Heterovalent substitutions are characterized 
by an essential larger displacement from the 
origin what is apparently connected with the 
influence of intrinsic defects playing role of 
charge compensators. 

 
This study was supported by the Russian Foundation 
for Basic Research (Projects №№ 02-02-16360, 02-05-
64845, НШ-1955.2003.5 and НШ-493.2003.2). 

 
References 
 

1. Freeman C.M., Catlow C.R.A. A computer 
modeling study of defect and dopant states 
in SnO2 // J. Solid State Chem. 1990. V.85. 
PP. 65-75. 

2. Lewis G.V., Catlow C.R.A. Potential models 
for ionic oxides // J. Phys. C Solid State 
Phys. 1985. V.18. PP. 1149-1161. 

3. Sanders M.J., Leslie M.J., Catlow C.R.A. 
Interatomic potentials for SiO2 // J. Chem. 
Soc. Chem. Com. 1984. V.18. PP. 1271-
1273. 

4. Urusov V.S., Dudnikova V.B. Energetics of 
heterovalent microisomorphism with sub-
traction (formation of vacancies) in ionic 
crystals // Geokhimia. 1987. N.9. PP. 1219-
1230. 

 
 

Electronic Scientific Information Journal “Herald of the Department of Earth Sciences RAS” № 1(22)′2004 
Informational Bulletin of the Annual Seminar of Experimental Mineralogy, Petrology and Geochemistry – 2004 
URL: http://www.scgis.ru/russian/cp1251/h_dgggms/1-2004/informbul-1_2004/term-32e.pdf 
Published on July, 1, 2004 
© Herald of the Department of the Earth Sciences RAS, 1997-2004 
All rights reserved 


