
Cations and anions IV: The meaning of the superscripts
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Yes, we mean it.

Well, sort of . . .
No, not really.
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    In our symbols used to identify chemical entitites, we 
employ superscripts to identify charged forms of atoms.  We 
thus know that Na+, Ca2+, and O2- indicate ions of atoms 
that, in uncharged elemental form, we would designate as 
Na, Ca, and O.  In the case of Na+ and Ca2+, we take the 
superscripts to mean that these are ions with one and two 
fewer electrons, respectively, than the number of protons in 
each atom*.  Studies of electron density support this view that 
Na+ and Ca2+ have 10 and 18 electrons, as many electrons 
as would the noble gas to their left in the periodic table.
      Mineralogists and geochemists commonly venture onto 
shakier ground in writing 4+, 5+, and 6+ as superscripts, 
arriving at C4+, Si4+, Ti4+, and Zr4+, N5+, P5+, and V5+, and 
S6+, Cr6+, Mo6+, and so on.  They do so for at least two 
reasons.  First, the progression of charge across the periodic 
table makes sense with our accounting of charge in chemical 
formulae.  For example, in the formula for anhydrite (CaSO4), 
assigning 2+ to the Ca, 2- to the four Os, and thus 6+ to the 
S yields a sum of zero and thus charge balance.  Secondly, 
calculating ionic pontential using the charges shown here 
yields patterns that predict geochemical and mineralogical 
behavior (as many other pages in this book show).  It's thus 
conceptually useful to assign these higher charges as shown 
at left.
     With that said, one should appreciate that studies of 
electron density do  not support the use of these large values, 
and so not indicate that, for example, Si, P, and S ever 
achieve the outer-shell configuration of electrons of Ne.  Thus 
our use of the large superscripted numbers at left may make 
our accounting work out well, but we might be more accurate 
to say that anhydrite balances with "Ca with a charge of at 
most 2, S with a charge probably a little over 3, and the four 
Os with charges that average something around -1   ".       

* If you're curious why we didn't say "we take these superscripts to mean that these are 
atoms that have lost one and two electrons, respectively . . .", see Part I of this series.
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