SOLUTIONS and SOLUBILITY

IPC – Mr. Coburn

Introduction
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A solution is a homogeneous mixture
formed when one substance is
dissolved in another.  A solution is
formed when the particles of the
solute are dissolved in the solvent.
Solubility is the ability of a solute to
be dissolved.

Formation of Solutions
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Dissociation
When ionic compounds dissolve to produce ions the process is typically called dissociation. Dissociation of ionic compounds occurs when water molecules “pull apart” the ionic crystal. This occurs due to strong attractions between the polar ends of the water molecule and the positive and negative ions within the crystal. Water molecules then surround the positive cations and negative anions; this is called hydration.

Examples of dissociation equations:
NaCl(s) → Na+(aq) + Cl-(aq)
(NH4)3PO4 (s) → 3 NH4+(aq) + PO43-(aq)
NaOH(s) → Na+(aq) + OH– (aq)
Ionization
When molecular compounds dissolve in water to produce ions the process is typically called ionization. Recall that molecular compounds are held together by covalent bonding; ionic compounds are held together by ionic bonding. Most molecular compounds do not undergo ionization. Acids are an exception. All acids produce hydrogen ions in solution.
 Some examples:
HCl (g)→ H+(aq) + Cl-(aq)
H2SO4 (g)→ 2 H+(aq) + SO42-(aq)
Polarity and Solubility

Water is a Polar compound.  This means

Water Molecule
[image: image2.emf]that the electrons are not shared evenly
throughout the molecule.  The oxygen
attracts the shared electrons more strongly
than the hydrogen.  As a result, the oxygen
atom has a partial negative charge and
each hydrogen atom has a partial positive
charge.  The bond angle (the angle
between the hydrogen atoms) is 104o.



 _
Sodium chloride dissolves easily in water due to the polar nature of water.  Sodium ions are attracted to the negative side of the water molecules and chloride ions are attracted to the positive side of the water molecules.

In the boxes below, show the arrangement of water molecules as they would exist around sodium and chlorine ions.  Label the charge of the ions and distribution of charges on the sides of the water molecules (as you did above).
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Concentration (as Mass % and Molarity)
The concentration of a solute is the amount of solute dissolved in a given quantity of solvent (or solution). The quantity of solvent or solution can be expressed in terms of volume or in terms of mass or molar amount. Two common expressions for concentration are: Molarity (M) and Mass Percent.

Mass % = Mass of Solute (g)


      Total Mass of Solution (g)

Molarity (M) = Moles of Solute



   Liters of Solution
For the following examples, calculate the concentrations.
1. If 112 grams of sodium acetate is added to 1.65 L of water…

a. What is the percent concentration (by mass) of sodium acetate of this solution?
b. What is the molality of NaC2H3O2 in this solution?

2. If 44.2 grams of sugar (C12H22O11) is added to 355 ml of soda…

a. What is the percent concentration (by mass) of sugar of this solution?
b. What is the molality of C12H22O11 in this solution?

3. Calculate the molarity of 1.2 moles of calcium carbonate in 1.22 liters of solution.

4. Calculate the molarity of 98 grams of sodium hydroxide in 2.2 liters of solution.

5. Calculate the molarity of 7.8 grams of hydrochloric acid (HCl) in 125 ml of solution.

6. What is the mass % concentration of 45 grams of ammonia in 0.75 L of solution/
Solubility Curves
When a solvent cannot dissolve
any more solute (at a given
temperature), it is said to be
saturated.  An unsaturated
solution is one that can dissolve
more solute.  In most cases,
heating a solution will increase
the solubility of the solute.  In
some cases, when the
temperature of a saturated
solution is lowered, the solute
remains dissolved.  This is called
a supersaturated solution.
Scientists have determined the amount of solute that can be dissolved at different temperatures.  A graph of this information is called a solubility curve.  A group of solubility curves for certain solid solutes in water is shown in Figure 2.   For each solute, the solubility curve shows how much solute dissolves in 100 grams (100 ml) of water (the solvent) at different temperatures.  Each curve shows the amount of solute dissolved to make a saturated solution.
     
Solubility Curves

      for various compounds
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1. How much potassium nitrate is present in a saturated solution at 40oC?
2. How much sodium nitrate is needed to saturate a solution at 10oC?
3. At what temperature will 15 grams of potassium chlorate result in a saturated solution?
4. Will 50 grams of sodium chloride dissolve completely in 100 milliliters of water at 65oC?

5. How much Lead Nitrate is needed to make a saturated solution at 50oC?

6. Are there any compounds in the graph that become less soluble as temperature increases?  

