AP Chemistry 
AIS
11 ( Properties of Solutions

Tutorial

READ: Complete the following tutorial by finding information on these pages.  Do not read the chapter now, just skim for the information and check out visuals and the worked example calculations.  Refill your Coke as needed.
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Day 1 Concentration (p498-501) 
1) Below a-d lists four different ways of expressing concentration.  Write the equations for these:
a) Molarity

b) Mass percent

c) Mole fraction

d) Molality

i) Important note: molarity uses liters of solution (solute + solvent), but molality uses kg of solvent only—doesn’t include solute.
ii) Say molality 10 times fast…Faster!
2) When solving a concentration question, use what’s given and convert to units you need.  Study examples on p498-501.  On example 11.2, notice how you are not given the amount of solution.  In this case, you will need to choose an amount.  Notice how they choose a 1-liter sample.  Tips for solving these problems:
a) Take a deep breath.  Breathe in (wait three seconds), breathe out.
b) When given molarity, assume a 1-liter sample of solution. 

(*Remember 1-L solution ≠ 1 L water)
c) When given % mass, assume a 100-gram solution.   
d) When given molality, assume 1-kg solvent.

e) If the solvent is water, remember density = 1 g/mL or 1 g/cm3
3) Questions for you (lucky you!): p532# 30, 32, 31, 33
a) 31. You are given mass %, so assume a 100 gram sample.  Use the density to calculate volume, use the molar mass to calculate moles.  Then put the moles in a cage where moles belong.
b) 32 (do before 31) b-d list the density of the solution.  This is asking you how you would make these solutions in the laboratory, so you should calculate grams for solid solutes (all the solutes in 32 are solids) that you add to 100 mL water.
4) Solutions vocabulary

· Saturated – A solution that has the maximum amount of solute dissolved. 

· Example: at 20 °C, 220 g AgNO3 can be dissolved in 100 grams of water.  If 220 grams are added, it is saturated.

· Unsaturated – less than the maximum amount of solute in a liquid.
· Example: 100 grams AgNO3 added to 220g water.

· Supersaturated: more than the soluble amount is in solution.  When a solution is heated, usually more solid can be added.  This can be done by heating a solution, adding more solute, then cooling the solution.
· Dilute – a solution that has a small amount of solute.  Not the same as unsaturated.

· AgNO3 220 g/100g water & AgCl .00127 g/100g water are both saturated solutions, but the AgCl solution is very dilute.
· Concentrated – water has been removed
· It is not possible to have 100% ethanol because water will condense from the air into the solution.  Only about 95% ethanol is possible.  This is called concentrated ethanol.    
· Solids and gases are called soluble and insoluble.

· Liquids are called miscible (can dissolve) and immiscible (cannot dissolve).  
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Day 2 11.2-11.3 (p501-508)
p532-533#39, 41, 45


*11. 2 is not explained well in the book, but 11.3 is good. 
1) Energetics of Solubility
· Watch the “Dissolution of Ammonium Nitrate” tutorial on the website.  Yes, I know you’d rather watch Star Wars, but it won’t help you with energetics. 
· Two parts to dissolving:

· Part 1: Energy is used to separate the solute particles. ENDO.  For ionic compound solutes, this is the reverse of the lattice energy.
· Part 2: Some energy is released from intermolecular forces between the solute and the solvent (Enthalpy of hydration, ΔHhyd).  EXO 
· If a solute is able to dissolve, this always means that more energy is released when the solvent-solute intermolecular forces are formed than in solute-solute bonds.
· This energy can exist in two forms:  enthalpy (heat) and entropy (how much the energy is spread out among the particles).  

· Enthalpy (heat) of solution (ΔHsoln) is the OVERALL change in enthalpy when a solution forms:
· Example: NaCl(s) ( NaCl(aq) ΔHsoln = 3 kJ/mol (endothermic)

· If the solution gets hotter as the solute dissolves (negative ΔHsoln), this means energy was also released in the form of enthalpy (heat).

· If the solution gets colder as the solute dissolves, this means heat energy was absorbed  (positive ΔHsoln).  However, there was enough entropy to make the reaction happen.  The release of energy as entropy was greater than the absorption of enthalpy (heat).

· Here is an energy diagram depicting the steps in the process:
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· Hess’s Law - You can calculate the ΔHsoln by adding (reverse of ΔHlattice energy) + ΔHhyd
· Recall lattice energy is the energy released when ions in the gas phase combine to make a compound.  Na+(g) + Cl-(g)  ( NaCl(s) ΔH = -786

· Example from p503: Calculate the ΔH of dissolving sodium chloride in water.  The lattice energy of sodium chloride is -786 kJ/mol and the enthalpy of hydration is -783 kJ/mol.

NaCl(s) 
( Na+(g) + Cl-(g) 
ΔH = 786 kJ/mol (reverse of lattice energy)

Na+(g) + Cl-(g) 
( Na+(aq) + Cl-(aq) 
ΔHhyd = -783 kJ/mol



ΔHsoln = 3 kJ/mol

· Again, why does sodium chloride dissolve if it’s endothermic?
( Do p532 #39

· If ΔHsoln is positive and large, the solute will not dissolve.  Example problem: AgCl will not dissolve in water.  Explain.  Because the attraction of the water for the Ag+ and Cl- ions (represented by ΔHhyd) is not strong enough to overcome the lattice energy.
· Look at the graphs on p 508.  As temperature increases, how does the solubility of potassium nitrate change?

· For most solid solutes, ΔHsoln is positive (endothermic), so 
· heat is absorbed by the dissolving process and
· heating the solution will increase the solubility.

· For most gaseous solutes, ΔHsoln is negative (exothermic), which means 
· heat is released  by the dissolving process and

· heating the solution will decrease the solubility.
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*Do p533 #41
2) Like Dissolves Like (Like, it totally, like, does.  LOL)
· Polar solvents usually dissolve polar and ionic solutes.
· Nonpolar solvents usually dissolve nonpolar solutes.
· (Polar bears are not actually polar solutes, they are bears.)
· [image: image9.png]


Polar doesn’t dissolve nonpolar because the interaction between polar and nonpolar substances is very weak, which would mean a very large, positive ΔHsoln
· Polarity of hydrocarbons: C-H bonds are nonpolar.  O-H bonds are polar.  The more C-H bonds that there are in a chemical, the more nonpolar it is.  (Every time I type CH I want to follow it with an “oclate.”…ch…oclate)
· Example: Methanol CH3OH is more soluble in water than propanol CH3CH2CH2OH
· Example question: Which would be a better solvent for dissolving KI and grease (C20H42), hexane (C6H14) or methanol (CH3OH)?
· Answer : There are more C-H bonds in hexane, so it would be nonpolar and dissolve grease.  Methanol has an OH bond that makes it polar  methanol would dissolve potassium iodide and hexane would dissolve grease.
Do p533 #43, 45
Day 3:  11.4 Vapor Pressure of Solutions
Assignment: P533-534 # 49, 51, 57, 61

· Learning Objectives: 

· Henry’s Law – how does the solubility of a gas change with the partial pressure above the liquid?
· Rault’s Law – how does the vapor pressure of a solvent change when the solute is added?

1) Pressure & Solubility: Henry’s Law

· Henry’s Law states that the partial pressure (P) of gas above a liquid is equal to the concentration of the gas dissolved in the liquid (c) times the Henry’s Law constant (k) for a specific liquid, gas, and temperature. 
C =kP
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Study sample problem p507, then do p533 #49
[image: image3.wmf]
· Look at Figure 11.9 on p509.  The vapor pressure of a solution is less than that of a pure solvent.  Why did all the water move to the other beaker?
· Look at the graph on p510.  What happens to vapor pressure if you add more solvent to a solution (increase the mole fraction)? [ increases / decreases ]
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· Rault’s Law: 
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· Study the examples on p511 and p512.  Do p533 #51

· Rault’s Law for nonideal solutions.  Use this when both the solute and solvent are volatile liquids.
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· Study example on p515, do p533-534 #57, 61
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Day 4: 11.5 Boiling-Point Elevation and Freezing Point Depression
p534 # 65, 67, 71, 73
· Colligative Properties depend only on the number of solute particles, not the type.  They include freezing-point depression, boiling point elevation, and osmotic pressure.  (Peer pressure is not a colligative property).
· When you add salt to water, the boiling point rises.  
ΔT = kbmsolute

ΔT = the amount the boiling point rises.

Kb = molal boiling-point elevation constant °C/kg●mol

msolute = molality of solute in solution

There is a similar equation for when you add salt to French fries:

Δdeliciousness = mass of fries x mass of salt + ketchup
*Look at the example on p517, then do #65 

· When you add salt to ice, it will melt because the freezing point becomes lower because the water molecules need less energy to make the transition into the liquid phase.
ΔT = kfmsolute
ΔT is how much the freezing point is lowered.  (Subtract from the freezing point)
Kb = molal freezing-point depression constant °C/kg●mol
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msolute = molality of solute in solution
Look at the example on p519, then do # 67, 71

See example p521, do #73
Day 5: 11.6 Osmotic Pressure
Pages 534-535 # 75, 77, 81, 83

1) Osmotic Pressure
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A semipermeable membrane allows solvent but not solute molecules to pass through it.  
· Osmosis is the movement of water from low concentration of solute to high  concentration of solute through a membrane.  

· The osmotic pressure (∏ ( capital pi, not cute, little pi 3.1415... he’s all grown up here) in atm can be calculated with this equation:

∏ = MRT
M = molarity (mol/L)
R = gas constant = 0.08206 L∙atm/mol∙K
T = temperature in Kelvin

See example on p521, then do #75 p534
· In animals and plants, water AND small ions are allowed to pass across semipermiable membranes of cells, which is called dialysis.

· As ions move across the membrane, eventually the concentration on both sides of the membrane are the same.  Solutions with the same osmotic pressure are called isotonic solutions.
· If the concentration of a solute is greater inside the cell than outside, water moves inside.  
· We say the osmotic pressure of the solution outside the cell is high.  
· The cell swells and may burst.
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Look at the blood cell on p523.  Which picture shows a blood cell when it is in a solution with low osmotic pressure?  [ Normal  /  shriveled  / swollen ]
2) Reverse Osmosis 
· Look at fig. 11.20 on p523.

· Imagine a situation like this picture where a solvent and solution are connected by a semipermeable membrane.
· When pressure that is higher than the osmotic pressure is applied (by a pump, for example), the solvent moves from the solution side to the solvent side.
· This is how drinking water can be made from sea water.
3) 11.7 Colligative Properties of Electrolyte Solutions

Read p524-525 and look at the example calculation.
· The van’t Hoff factor, “i” is 

i = moles of particles in solution / moles of solute dissolved

· Which would have a lower freezing point, 0.1 m glucose (nonelectrolyte) or 0.1 m NaCl?  

· NaCl.  In a 0.10 m solution of NaCl, there are 0.20 m solute particles because NaCl is a strong electrolyte and completely dissociates into Na+ and Cl-.  ΔT = kfmsolute so if m is bigger, ΔT is bigger
· The equations ΔT = kfmsolute , ΔT = kbmsolute and ∏ = MRT do not give the experimentally observed values for electrolytes (compounds that form ions).
· For freezing-point depression, the expected freezing point is actually less than expected because the ions don’t completely dissociate.
· Example: for a 0.1 m NaCl solution, i is expected to be 2, but it is actually 1.87 because some of the time the Na+ and Cl- ions pair with each other.
Do p535 #77, 81, 83
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