                                                         Ch. 16 Solutions
16.1 Properties of Solutions

Solution Formation:

1. The compositions of the solute and solvent determine whether a substance will  

    dissolve.  “Like dissolves like”

2. The speed at which a substance dissolves is determined by agitation (stirring),  

    temperature, and the surface area of the solute particles.

Saturated Solution – a solution that contains the maximum amount of solute particles 
      per given amount of solvent at a constant temperature and pressure.

If more solute is added to a saturated solution there will be a dynamic equilibrium   

     between dissolved and non-dissolved particles.
An unsaturated soln contains less solute than a saturated soln at a given T and P.

Solubility – the amount of solute that dissolves in a given amount of solvent at a   

     specified T and P to produce a saturated solution.

Solubility is expressed as grams of solute per 100 g of solvent.

Miscible – describes two liquids that dissolve in each other in all proportions.

Immiscible- liquids that do not dissolve in each other   (ex. oil & water).

Factors Affecting Solubility:
     Temperature affects the solubility of solid, liquid, and gas solutes in a solvent.

     Both temperature and pressure affect the solubility of gaseous solutes.

     Temperature - the solubility of most solid substances increases as the temperature  

     of the solvent increases. 

Supersaturated Solutions

Many compounds are more soluble at higher temperatures (more solute can dissolve at higher temperatures).  As the solution cools, the solute stays in solution.   

Crystallization can be started by addition of a small crystal of solute (seed crystal).
The effect of temperature on the solubility of gases in liquid solvents is the opposite of solids.  Gas solubilities increase as the temperature decreases. 

Pressure has little effect on solids or liquids but has a great effect on gases.

Gas solubilities increase as the partial pressure of the gas above the solution increases. 

Henry’s Law

At a given temperature, the solubility of a gas in a liquid is directly proportional to the pressure of the gas above the liquid.      S1  =  S2
                                                                                               P1      P2   

16.2 Concentrations of Solutions

Concentration – a measure of the amount of solute dissolved in a given quantity of solvent.

Dilute solution – has a small amount of solute in a given amount of solvent.

Concentrated Solution – has a large amount of solute per given amount of solvent.

Molarity (M) – the number of moles of solute per liter of solution (solution = solute + solvent).

                    Molarity (M) =  moles of solute                              
                                                liter of solution
Making Dilutions – Diluting solutions reduces the number of moles of solute per unit of volume, but the total number of moles of solute in solution does not change.                           

                                                       M1V1 = M2V2
Percent Solutions

% solutions can be vol. solute/vol. soln x 100 or mass of solute/mass of soln x 100.

% vol = vol solute  x  100 

              vol soln

 % mass = mass solute  x  100

                  mass soln

16.3 Colligative Properties

Colligative properties depend only on the number of solute particles, not on their identity.

3 properties are: vapor pressure lowering, bp elevation and fp depression.

Vapor Pressure  -   The pressure exerted by a vapor in dynamic equilibrium with it liquid in a closed system.
A soln containing a non-volatile solute has ↓ vapor pressure than the pure solvent. 

Ionic solutes have greater effect on the vapor pressure than molecular solutes because ions dissociate in soln.  The decrease in a soln’s vp is proportional to the number of particles the solute makes in soln.    
Freezing Point Depression

The presence of solute particles disrupts the pattern of solvent freezing because of the shells of solvation.  More kinetic energy must be lost for freezing to occur.

Freezing Point Depression – the difference in temps. between the fp of the pure solvent and the fp of the soln. 

The magnitude of the fp depression is proportional to the number of solute particles dissolved in the solvent, not their identity.
Boiling Point Elevation

BP – the temp. at which the vapor pressure of the liquid phase = atmospheric pressure.
Adding a solute ↓ vp; more KE is needed to raise the vp to the atm pressure to start boiling.
BP Elevation – the difference in temp. between the bp of pure solvent and the bp of the soln.

The magnitude of the bp elevation is proportional to the number of solute particles, not their identity.
Calculations Involving Colligative Properties
Molality = number of moles of solute dissolved in kg solvent.

                          Molality (m) = moles solute 

                                                   kg solvent  

Mole Fraction – the ratio of moles solute to total moles of solute and solvent.

Xa =__na___        where na is moles

        na + nb          of solute and nb is moles solvent.

           ___ 

FP Depression & BP Elevation

The magnitude of the FP depression (∆Tf ) and the BP elevation (∆Tb ) of a soln are directly proportional to the molal concentration (m) when the solute is molecular, not ionic. 

∆Tf – the change between the fp of the soln and the fp of the pure solvent.

 ∆Tb – the change between the bp of the soln and the bp of the pure solvent.

Kf – molal fp depression constant (unique for each solvent).  Δ Tf  =   Kf  x  m
Kb – molal bp elevation constant (unique for each solvent).   Δ Tb  =  Kb  x  m 
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