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Solution : A homogeneous mixture of two or more substances. 

Solvent :  The substance in a solution that dissolves another substance.

Solute:  The substance in a solution which is considered to be dissolved into solvent.

Miscible : Two liquids that mix completely in one another to form a solution.

Immiscible : Two liquids that do not mix together or dissolve in one another.

Aqueous solution : ( aqua = water ) Solution of solutes in water are generally referred to as aqueous solutions.

Solubility : Solubility is a maximum amount of substance that dissolves in a given volume  of solvent at a specified temperature.

Saturated solution : A solution where the maximum amount of substance is dissolved in a given amount of solvent at a given temperature.

Unsaturated solution : A solution where less than the maximum amount of a substance is dissolved in a given amount of solvent at a given temperature.

Supersaturated solution : A solution that contains more of a solute than is considered in the saturated solution.

Quantitative terms to describe solution composition:

1.Mass percent = (mass of solute / mass of solution)  ( 100%

2. Molarity (M):  moles of solute / liter of solution                 # of mole(n) = m / M

3. Molality (m) : (Mole of solute / Kilogram of solvent)

                                               nA     

4. Mole fraction = XA=                                 nA and nB = # of mole of component A and B

                                         nA + nB                                                                              mass of acid or base

5. Normality(N)= equivalent /liter      mass of 1 equivalent   =   

                                                                                                            # of H or OH  

Enthalpy of solution ( ΔHsoln) : 

Dissolving NaCl in H2O:

1. Separating the solute to individual component (endothermic process)

NaCl                              Na+ + Cl-        Δ H1 = 786KJ/mol
2.  Hydration process ( interaction between solvent  and solute molecules)

H2O + Na++ Cl-                                  Na+(aq) + Cl-(aq)    ΔHhyd  = -783Kj/mol                                                

ΔH soln = ΔH1 + ΔHhyd= 786-783=3 KJ/mol
ΔH is positive but still NaCl is soluble in water? The reason is increasing entropy(ΔS). Entropy is a measure of disorder for a system, when entropy increases the process tends to occur. Still  the amount of ΔH is so important, when ΔH is positive but small, increasing entropy could cause that process, but  when ΔH is a positive large amount , the process tend not to occur. 

Factors affecting solubility:

1. structure effects: Like dissolves like, this is solubility rule. Polar substances dissolve polar molecules, nonpolar dissolves nonpolar.

2. Pressure effect: The pressure increases solubility of a gas. 

Henry’s Law: P=KC , This equation shows concentration of a gas(C) is directly proportional with pressure(P), K is constant for a solution.

3. Temperature effect: Dissolving  of a solid occurs more rapidly at higher temperature, but the solubility may increase or decrease.

Vapor Pressure of Solution:  

Ideal solution (Raoult’s Law):  Psoln = Xsolvent P 0solvent    this equation shows the vapor pressure of a solution containing nonvolatile solute is directly proportional with the mole fraction of solvent. In ideal solution we assume the solute is nonvolatile and so does not contribute to the vapor pressure over the solution.

Vapor pressure of Ideal and Nonideal solution:

A liquid -liquid solution where both component are volatile, if the solution is ideal, the total pressure from rault’s law is:     Ptotal=PA + PB= XaP0a+XBP0B
If the solution is not ideal, which means the attractive forces between solvent- solute is not same or even close to solvent-solvent , solute-solute molecules, the vapor pressure of solution doesn’t obey from rault’s law. The result is decreasing(negative deviation) or increasing(positive deviation) vapor pressure of solution in compare with ideal solution.

Boiling point Elevation and freezing point depression( nonelectrolyte solutions):

When the vapor pressure of a solution decreases, the boiling point increases, the change in boiling point:  Δ Tb= Kbmsolute        Kb is constant for a solvent, m is molality of solute in solution.  

The freezing point  depression: ΔTf = Kf msolute
Osmotic Pressure:  ( = MRT
  M = molarity of the solution        T= temperature       R= 0.08206L.atm/K.mol

The flow of solvent into the solution through the semipermeable membrane is called osmosis, when the process reaches to  equilibrium , the pressure of solution is greater than solvent, this excess pressure is called osmotic pressure.

Colligative Properties: Some properties depend only on the number of solute particles not the identity of solute, like freezing point, boiling point and osmotic pressure of a solution. These properties are called colligative properties. 

Colligative properties of Electrolyte Solutions:

Electrolyte solutions contain positive and negative ions. We know a colligative property depends on the number of particles in solution, that’s why we have to apply the number of ions as a coefficient of molality or molarity: 

(Tb= iKbm              (Tf = iKfm           (= iRMT

Real i always is not equal the number of ions in a solution, because still some of ions are paired in solution.

Van’t Hoff factor   i = moles of particles in solution / moles of solute dissolved

Example:  0.0 1m NaCl   i = 1.87      i = (0.02 / 0.01)=2  i has to be 2, but it is 1.87

Which means some of ions still are not apart in solution.

                 0.001m NaCl  i = 1.97      i = (0.002 /0.001)= 2    i is very close to 2.

Bellevue Community College Chem.162 M- Heydari

