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Tonic Radius and
Cation Substitution in Minerals

see Chapter 13, Perkins




Eftective Ionic Radius

Measured bond lengths of oxides

Assume average ionic radius for O% of 1.32A

It 1s possible to tabulate 1onic radu of
common cations

Ionic radi1 depend on Coordination Number,
C.N. = number of nearest-neighbor anions of
a cation




Coordination Number with Oxygen

Tetrahedral Coordination
C.N.=4
Smaller cations (Si*", AI’") fit

Octahedral Coordination
CN.=6

Medium sized cations (Mg?*, Fe?*, Ca?*,
Na2*) fit

Cubic Coordination or higher
C.N.=8
Large cations (K™) fit




Periodic Table with Effective Ionic Radii
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C.N.* Tonic

Effective Ionic Radii [ WO Radusd
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*C.N. = Coordination Number = number of nearest anion neighbors




Two Cations substitute readily for each other 1f:

e their 10nic radi1 differ by less than about
15%

* they have the same charge, or 1f their
charges differ, the charge difference must
be compensated by another substitution
elsewhere 1n the mineral

 they form bonds of similar character — 1.e.,
they have similar electronegativity

Substitution 1s easier and more common at
high temperature than at low temperature




C.N.* Tonic
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*C.N. = Coordination Number = number of nearest anion neighbors




Ions that readily substitute for each other

Mg?* < Fe?* <> Mn?*

very common substitutions in mafic silicates
Mg2t > Fe?t > Mn?* < Ca2*

Ca’* substitutes for Mg?*, Fe*" in some silicates
Ca’" <> Na!* in plagioclase, charges different,
must be coupled to AI** <> Si** to balance charge
written [Ca?"Al’" <> Nal!*Si*]

APt <> Si*" in some of the tetrahedra (C.N.=4) in
sheet silicates, requires presence of K™ or Na™ between
t-o-t sandwiches to balance the charge




Ions that readily substitute for each other
(continued)

e Na!* (1.08A) <> K" (1.46A) in alkali feldspar violates
the <15% size difference rule (~30% difference)

That’s the driving force for exsolution — perthites!

« Fe’" and AIP* can substitute for Mg”*, Fe?* in octahedral
positions, but they’re a little small, and the charge
difference must be compensated




Anions also substitute for each other

e F-and Cl- commonly substitute for (OH)
* Br for Cl" 1n halides
« Se? for S% in sulfides




Periodic Table with Effective Ionic Radii

(H) (He)
u* Be?t g ) N) 0> F (Ne)
4 068 3 025 3 0.0 2 127 | 2 1285
6 082 4 035 4 020 3 128 | 3 1.30
4 130 | 4 131
6 132 | 6 133
8 1.34
Na*+ Mg2+ AP+ S+ pS+ g2~ cr (Ar)
4 107 4 066 4 047 |4 034 4 025 |6 1.72 | 4 167
6 108 & 080 5 056 | 6 048 6 1.72
9 140 8 097 6 061
K* Ca?t Sci+ Ti+ V5+ Cr3+ Mn?2+ Fe?+ Co?* Ni2+ Cu* Zn?* Ga* Ge* AsS+ Se?- Br (Kn)
6 146 6 108 6 083 6 069 4 044 6 007 6 0B3 4 071 4 065 6 077 2 054 4 068 4 055 4 048 |4 042 6 188 |6 188
8 159 9 126 8 095 6 062 Cr* 8 101 6 077 Cu?+ 6 083 6 070 6 062 |6 0.58
9 163 10 1.36 4 052 Mn¥ Fed+ 4 070
10 1.67 12 1.43 6 063 6 070 4 057 6 0.81
12 1.68 Crb+ Mn#+ 6 068
4 038 6 062
Rb* Sr2+ ya+ Zrt+ Nb5+ Mo# Tet Rud+ Rh3+ Pd2+ Ag* Cd2+ In3+ Snts Sb3+ (Te) n (Xe)
6 157 6 121 6 098 6 080 4 040 6 075 6 072 6 075 6 076 4 072 4 110 4 088 6 08 6 077 4 085
8B 168 8 133 8 110 8 092 6 072 Mob Ru%+ Rh4+ 6 084 B8-123 6 103 8 100 Sb5*
12 1.81 10 140 9 1.18 4 035 6 071 6 070 8 138 '8 115 6 0.69
12 1.48 12 1.39
Cs* Ba?* Lad+ Hf4+ Tab5 W+ Re'+ Ost I3 P2+ Aut Hg2+ T3+ Pb2+ Bid+ Po*+ (At) (Rn)
6 178" 8144 8TRI3 6 079 B 072 B 079 @871 80 DT GBS RT . IBYnGas | cd-lnTe UA=Eal . iep7Ee raLAoR L B 8 118
8 8 150 8 118 8 091 8 077 W8 Re®* i+ 6 1.10 8 137 8 1.19
10185 10 180 10 1.36 4 050 6 060 6 0.71 8 122 9 1.41
12196 12188 12 140 6 068 Re™ 12 1.57
4 048
(Fr) Ra?* (Ac)
8 148
12 1.64
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Ion C.N.* Tonic

Tons that readily , W/ Ox. Rafg“zs‘z‘
substitute for each other = 1.33
Cl 1.72
K* 8 1.59
K* 6 1.46 }
Na* 6 1.08
Ca2t 6 1.08 }
Mg?* 6 0.80
Mn?2* 6 0.83
Fe2t 6 0.77
Fe3*t 6 0.68 }
AT 6 0.61
AT 4 0.47
Si#* 4 0.34 }

*C.N. = Coordination Number = number of nearest anion neighbors



