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6.2: Solubility: why do some things form solutions and others not?

Let us say you have a 100 —mL graduated cylinder and you take 50 mL of ethanol and add it to 50 mL of water. You might be
surprised to find that the volume of the resulting solution is less than 100 mL. In fact, it is about 98 mL, assuming good technique
(no spilling). How can we explain this? Well, we can first reassure ourselves that matter has not been destroyed. If we weigh the
solution, it weighs the same as 50 mL of water plus 50 mL of ethanol. This means that the density of the water—ethanol solution
must be greater than the density of either the water or ethanol alone. At the molecular level, we can immediately deduce that the
molecules are closer together in the ethanol and water mixture than they were when pure (before mixing) —try drawing a molecular
level picture of this to convince yourself that this is possible. Now, if you took 50 mL of oil and 50 mL of water, you would find
that they do not mix—no matter how hard you tried. They will always separate away from one another into two layers. What
factors determine whether or not substances form solutions?

First, we need to be aware that solubility is not an all-or-nothing property. Even in the case of oil and water, a very small number of
oil molecules are present in the water (the aqueous phase), and a small number of water molecules are present in the oil. There are a
number of ways to describe solubility. The most common way is to define the number of moles of solute per liter of solution. This
is called the solution’s molarity (M, mol/L). Another common way is to define the number grams of solute per mass of solution.
For example: 1 mg (102 g) of solute dissolved in 1 kg (10? g) of solution is 1 part per million (10%) solute, or 1 ppm. As you
might expect, given the temperature term in the free energy equation, solubility data are always reported at a particular temperature.
If no more solute can dissolve at a given temperature, the solution is said to be saturated; if more solute can dissolve, it is

unsaturated.
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If we look at the structure of compounds that dissolve in water, we can begin to see some trends: hydrocarbons are not very soluble
in water (remember from Chapter 4 that these are compounds composed only of carbon and hydrogen), whereas alcohols
(hydrocarbons with an —O—H group attached) with up to 3 carbons are completely soluble. As the number of carbon atoms
increases, the solubility of the compound in water decreases. For example, hexanol (CH3 CH,CH,CH,CH,CH,OH), is
only very slightly soluble in water (0.4 g/L). So perhaps the hydroxyl (—O—-H) group is responsible for the molecule’s solubility
in water. Evidence supporting this hypothesis can be found in the fact that diols (compounds with 2— O-H groups) are more
soluble than similar alcohols. For example, compared to hexanol, 1,6-hexanediol (HOCH,;CH,CH;CH,CH,CH;OH) is quite
soluble in water. More familiar water-soluble compounds such as the sugars glucose, fructose, and sucrose (a dimer of glucose and
fructose — shown in the figure) are, in fact, polyalcohols. Each of their six carbons is attached to a hydroxyl group.

Compound rn(;;i:;rx?;/smol}\)) Structure Solubility (g/L) 20°C
Propane 44 \(CH3CH,CHj 0.07g/L

Ethanol 46 CH;CH,OH Completely miscible
Dimethyl ether 46 \(CH3O0CHj 328 g/L

Pentane 72 CH3;CH,CH,CH,CH; 0.4g/L

Butanol 74 CH;CH,CH,CH,0H 80 g/L

Diethyl ether 74 CH;CH,OCH,CH3 69 g/L

Hexanol 102 CH3;CH,CH,CH,CH,CH,0OH 0.4 g/L

1,6 Hexanediol 226 HOCH,CH,CH,CH,CH,CH,GH8D g/L

Glucose 180 CgH,50¢ 910 g/L
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Questions to Answer

Make a list of substances that you know dissolve in water.

Which of these dissolve: metals, ionic compounds, molecular compounds (polar, non-polar), network solids (diamond
graphite)?

Can you make any generalizations about which things dissolve and which don’t?

What must happen in order for something to dissolve in water?

How would you design an experiment to determine the solubility of a solute?

How would you determine whether or not a solution was saturated?

Draw a molecular level picture of a solution of ethanol and water showing why the solution is more dense than the separate
liquids.

Draw a molecular level picture of an oil and water mixture.

Draw a molecular level picture of the process of solution

When you try mixing oil and water, which layer ends up on top? Why?

Question to Ponder

You have a saturated solution, with some solid solute present.
Do you think the solute particles that are in solution are the same ones over time?
How would you determine whether they were the same?

Questions for Later

What would you predict for the sign of AS upon the formation of any solution? Why?
What would you predict for the sign of AH upon the formation of any solution? Why?
What would you predict for the sign of AG upon the formation of any solution? Why?
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