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There appears in the literature a discrepancy
between crystal-field predictions and the ex-
perimental occupancies of the two cation sites
M(1) and M(2) by 3d metal ions in the olivine
structure. In particular, tle extensive amount
of Ni-Mg ordering has been thought to be sur-
prising in view of the slight ordering observed
in some Fe-Mg olivines @ajamani, Brown &
Prewitt 1975). The puqpose of this note is to
show in a general way that the differences in
the degree of ordering for Ni2+, Co2+ and Fes*
olivines are in line with sirnple crystal-field
theory.

The predicted crystal-field stabilization ener-
gy, E"r, for Ni'+, Co2* and Fe2+ in regular octa-
triarA coordination is shown (Table 1, column
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(column 1), where e is t}te electronic cbarge, Ze
is ttre effective charge of one of the six ligand
ions considered as a point charge, and (ra) is
defined as follows: 4') - "fo- I(r')f'+2ilr,

where/(r) is the radial wave function for the 3d
ion (Wabh, Donnay & Doruray 1974); I" is the
M-O bond length of theregularoctahedron.
Column 1 shows the experimentally determined
D4 values for hydrated crystalq (Tanabe -&
Stigano 1954). Column 2 also shows the .8,
values in cm-' derived from the data of colunrn
1. The magnitudes of Dq (column 1) and conse-
quently those of E"t (column 2) sho'ld, . of
iourse, be slightly different in the olivine
structure; however, their relative values will
be closeb similar. In addition, the 3-Jold g.rbital
deeeneracy of the ground states of Coz* and
Fer* wiU be removed at M(L) ar:d M(2), and
this will result in additional stabilization energy.
As has been shown for Fe2+ in the olivine struc-
ture (Walsh et aL t974), the adjustments qe
sufficiently small so that their effect on the
ordering can be ignored as a first approximation.
The reason is that the additional stabilization
energies at M(L) and M(2) are nearly.equal'
Since ttre volume ratio of M(1) to M(2) octa'
hedra is almost identical for Ni'+. Co'+ and
Fe'+ olivines (Rajamani et al. L97l;WaIsh et al'
1974; Ghose & Wan 1974), A.Ee: E*(1) -

aTanabe & sugano (1954), bwulrh rt at, (1974\, cRaJamaniat az.

(1975), d0hose & lJan (1974), evalue l.06 ls the average for

ten olfvlnes l lsted in l./{alsh et q!. (1974, Table IIA)' where

sample 012 has been onltted slnce lt is the only Fe2+ ollvine

shou lng  s l igh t  o rder ing  ln  a (Z) .  
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E"r(2), the difference in stabilization energy
U6i*l'e" M(I) and M(2) for 1g1a+, Qoz+ and
Fe2+, is proportional to the corresponding E"t
in cm-1 (Table 1, coluun 2).

AE* has been calculated (Walsh et al. L974)
for Nie+ in olivine to be 680cm-1. Using this
value and that of .E* in cm-t (column 2), AE* is
estimated (column 3) for Co'+ and Fe'+. We de-
fine the 3d-ion distribution coefficiont Ka to be
the ratio of the 3d'ion occupancy at M(I) to
that at MQ). lJsing the experimental data for
Ni olivine (Rajamani et al. 1975), Ka is found
to be 2.92. Employing this value and column 3,
Ku for Co"+ and Fe2+ are estimated in column 4'
Column 5 lists the Ka values obtained from X-
ray data for the three corresponding -olivlnes,
and, the agteement with the predictions for Co'*
and Fel+ in column 4 is reasonable. The agree-
ment for Co2+ is the poorer of the two, which
suggests that a more detailed calculation of the
kind previously published (Walsh et al. 1974)
should and will be carried out by us.

In summary, contrary to statements in the
fiterature @ajamani et al. t975; Ghose & Wan
1974), Ni'+ is expected to be strongly ordered in
M(I);,'Fen+ slightly ordered tn M(L)*, and Co'+
ordered in M(I), the degree of ordering pre-
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dicted for Cor* being less than the experimental
results.
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*The prediction of Burns (1970) that Fe2+ has ir
slight .preference for the M(2) 

-site 
i, aue to 

-an

:-o]ll hig Fig.5.3(a) and on p. 83, where for a
totat I'2 splitting of 1860 cmi tie additional stabili_
zation energy at M(l) due to the Oeviutio" 

-iro-

cubrc symmetry is incorrectly stated to be 620 cm.l
rnstead of 1240 cm-r-


