Solutions

· solute - substance that is dissolved

· solvent - substance that does the dissolving

· for liquid/liquid mixtures the solvent is the liquid present in the largest amount

· dilute - relatively little solute present

· concentrated - relatively large amount of solute present

Solution Composition

· Molarity (M)

· moles of solute / L of solution

· mass percent

· (mass of solute / mass of solution) x 100%

· mole fraction (()

· nA / nT  (will be a number less than 1)

· molality

· moles of solute / kg of solvent

Normality

· based on number of equivalents per liter

· Equivalent

· acid - base: the mass that will furnish exactly one mole of protons - H+ ions)

· oxidation-reduction: the quantity that can accept or furnish 1 mole of electrons

· Equivalent mass

· the mass that will furnish one mole of equivalents (H+ or electrons)

Enthalpy of solution ((Hsoln)

· enthalpy change associated with the formation of a solution

· solution formation takes place in 3 steps

· separating the solute particles (expanding the solute)

· overcoming IMF in the solvent to make room for the solute (expanding the solvent)

· allowing the solute and solvent to interact to form the solution

Likes dissolve Likes

· polar solutes tend to be more soluble in polar solvents

· non-polar solutes tend to be more solube in non-polar solvents

· has to do with the energy involved in the steps of solution formation

Factors Affecting Solubility

· Structure

· likes dissolve likes

· Pressure (for gas solutes in a liquid solvent)

· increased pressure will increase the number of dissolved gas particles

· Henry’s Law (P = kC)

· P is the partial pressure of the solute above the solution

· C is the concentration of the dissolved gas

· k is a constant

Factors Affecting Solubility (contd)

· Temperature (solid solute, liquid solvent)

· increases the rate of dissolving

· may increase or decrease the amount dissolved

· Temperature (gas solute, liquid solvent)

· increased temperature decreases solubility of a gas in a liquid

Vapor Pressure of Solutions

· A nonvolatile solute will decrease the vapor pressure of a solution

· fewer solvent particles are at the surface of the liquid

· Raoult’s law (for solid/liquid solutions):


Psoln = XsolventP0solvent


where: 


Psoln is the observed vapor pressure of the solution


P0solvent is the vapor pressure of the pure solvent

Vapor Pressure

· If a nonvolatile solute is added

· the changes in vapor pressure are dependent only on the number of particles (molecules, ions, etc.) in solution - NOT on their identity

· If a volatile solute is added

· solute may contribute to overall vapor pressure

· PT = (AP0A  +(BP0B    (modified Raoult’s Law)

· a liquid-liquid solution that obeys Raoult’s Law is said to be an ideal solution
Ideal Solutions

· Ideal behavior is never fully achieved

· Ideal behavior is most closely approached when the solute and solvent are similar

· similar structure

· Lower observed vapor pressure than predicted - negative deviation from Raoult’s Law

· Higher observed vapor pressure than predicted - positive deviation from Raoult’s Law

Colligative Properties

· Properties that depend only on the number of particles in solution, not on their identity

· Very useful for classifying the nature of a solute once dissolved in a solvent (can be used to determine molar masses)

· Three main properties:

· Boiling Point Elevation

· Freezing Point Depression

· Osmotic Pressure

Boiling Point Elevation

· A nonvolatile solute will increase the boiling point of a solvent



(T = Kbmsolute

where:


 (T    =  the change in boiling point 


 Kb      =  the molal boiling point elevation constant

 msolute = molality of the solute in solution
Freezing Point Depression

· Addition of a solute will lower the freezing point of a solvent



 (T = Kfmsolute

where:


 (T    =  the change in freezing point 


 Kf     =  the molal freezing point depression constant

 msolute = molality of the solute in solution

Osmotic Pressure

· solution and pure solvent are separated by a semipermeable membrane (allows solvent particles to pass through, but not solute - osmosis)
· results in liquid level in solution becoming higher - greater hydrostatic pressure on the solution (osmotic pressure)
· can also be defined as the minimum pressure needed to stop osmosis (equilibrium achieved)



( = MRT
where:  
M = molarity







R = gas law constant







T = Kelvin temperature
Osmotic Pressure (cont’d)

· isotonic solutions - have the same osmotic pressure

· solutions with the same molarity (at same temperature) will be isotonic

· reverse osmosis occurs when a pressure larger than the osmotic pressure is applied to the solution side of a semipermeable membrane (membrane acts as a filter)

Electrolytic Solutions

· need to account for the fact that electrolytes break apart in solution, creating more particles

· use the van’t Hoff factor (i)

· theoretically ‘i’ is equal to the number of ions the electrolyte will form (NaCl - 2, MgCl2 - 3)

· experimentally, these values are often smaller than this due to ion pairing (greatest deviation occurs for ions with larger charges)

Electrolytic Solutions (cont’d)

· We modify the equations for colligative properties to account for this:


 (T = imK
(K may be Kf or Kb)


( = iMRT
Colloids

· suspension of small particles in some medium

· not distinguishable from solutions unless a light is passed through the liquid

· a colloid will scatter light (light will be visible) - this is due to the particles suspended

· a true solution will not scatter the light (it will pass through the solution without being seen)

Collids (cont’d)

· all suspended particles have the same charge

· coagulation - break up of suspension

· accomplished by heating or adding an electrolyte

