Solubility
In class, you saw a demonstration of the reaction between sodium carbonate (Na2CO3) and calcium chloride (CaCl2):


Na2CO3 (aq) + CaCl2 (aq) → NaCl (aq) + CaCO3 (ppt)
(1)
However, once the calcium carbonate is formed, it doesn’t redissolve.  I.e., reaction (1) happens, but the reverse reaction (2), doesn’t:


CaCO3 (s) + NaCl (aq) → CaCl2 (aq) + Na2CO3 (aq)
(2)
This is because of the way ionic compounds behave when they are dissolved in water.

If an ionic compound dissolves in water, it dissociates (splits) into its ions.  This means that the “(aq)” after an ionic compound really means that the compound is dissociated, and is floating around in the solution as separate positive and negative ions.

For example, CaCl
2 splits into one Ca2+ ion and two Cl− ions.  The Ca2+ ions are attracted to the negative part of the H2O molecule (the oxygen atoms), and Cl− ions are attracted to the positive parts (the hydrogen atoms).
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This means that:
	If:
	Then:

	attraction to H2O > attraction to each other
	compound dissociates & dissolves

	attraction to each other > attraction to H2O
	compound stays together and does not dissolve


The higher the charge, the stronger the attraction.  This comes from Coulomb’s Law:
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where F is the force of attraction between the two ions, k is a constant, d is the distance between the two ions, and q1 and q2 are the two charges.
In general, compounds with ions that have low charges (+1 or −1) tend to be soluble, because the attraction between the ions is weaker.
	Ion Description
	Some Examples

	+1 (any)
	NH4+, all alkali metals (Na+, K+, etc.)

	−1 (weak-to-moderate—anything except F− or OH−)
	most −1 polyatomic ions (NO3−, ClO3−, CN−, C2H3O2−), most halogens (Cl−, Br−, I−)

	−2 (weak only)
	most SO42− compounds


You only need one of the ions to have a weak charge, because once the weak ion is associated with water molecules, the stronger ion has a much harder time finding another ion than it has finding an H2O molecule.
In terms of chemical reactions, this means that double displacement reactions only happen if the two ions stick together hard enough to precipitate.  If all of the ions stay dissolved, you just have water with a bunch of ions in it, but not a chemical reaction.
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