SCH 3UI 
Sect 8.2 Factors that Affect Solubility and Rate of Dissolving
Hmwk: Rd pages 359-369, Review Q’s #1-16, page 370

Rate of Dissolving: 

-If you were competing on Survivor and your task to obtain immunity was to be the first person to dissolve a block of salt in a bucket of water, what strategies would you use to dissolve the block assuming you had unlimited resources?


1) 




2) 




3) 

*Forming Solutions:

-Why do certain solutes dissolve to make solutions and others do not? It all lies in the concept of forces of attraction…

A solution forms when the “Forces of attraction between the solute and the solvent are greater than the forces of attraction within the solute or solvent itself”

-Which is stronger? The Intermolecular Forces
 OR
 Intramolecular Forces



       (Forces Between Molelcules) 
  (Forces within a Molecule-Bonds)

-If Intramolecular Forces are stronger than Intermolecular Forces …No Solution Forms – don’t mix

-If Intermolecular Forces are stronger than Intramolecular Forces… Solution Forms – mix
Process of Forming a Solution:

1) Forces within a solute must be broken  

2) Intermolecular forces within the solvent must be broken

3) Attraction between the solute and the solvent

Application: Like Dissolves Like Rule


-Substances of the same type will be soluble within each other


-Ie. Polar substances will be soluble in polar solvents and Non polar substances will be soluble in 
Non polar Solvents

Example: Why does Oil and Water not mix?

*Forces of Attraction between particles:


-Dipole-Dipole intermolecular Force: exists between 2 polar molecules

-Hydrogen Bonding is a special case of increased dipole-dipole
-Hydrogen bonding occurs with molecules that contain, O-H, N-H and F-H

-O, N and F atoms are highly electronegative and have a small atomic radius, as a result these bonds are very polar and the interaction between these molecules is very strong, greater than a dipole-dipole

-This special property of water explains water’s phenomenal capabilities, ie ability to be a universal solvent

-Ion-dipole: occurs between an ionic compound and a polar molecule

-Exception – insoluble insoluble ionic compounds, ie “I” in the solubility chart.


-Why do these precipitates not dissolve? 


-Insoluble compounds such as AgCl, have a stronger attraction with itself than with the solvent.

2 Factors must be considered with ionic compounds:

-Ion Charge: the greater the charge, the greater the attraction and therefore the lower the solubility


-Ion Size: the smaller the ion, the lower the solubility

Compare Silver Chloride with Silver Nitrate

Solubility of Covalent Compounds

-According to the Like Dissolves Like rule, non polar solutes are soluble in non polar solvents, therefore which solvent will methane be soluble in, benzene or water? Explain…

-What about sucrose, What type of solvent will sucrose be soluble in?


Methane, CH3OH


Ethane, CH3CH2OH


Propane, CH3CH2CH2OH

Predicting Solubility:


-In order to predict if a solute will be soluble in a solvent, must use ΔEN to determine if a solute and a 
solvent are pure covalent (non polar), polar covalent (polar) or ionic.

_____________________________________________________


ex NH3
Other Factors that Affect Solubility

Temperature

-Solids: Energy is required to break the bonds within a solid, therefore as the temperature increases in generally the solubility of a solid increases

-Liquids: The bonds within a solution are not as strong therefore the temperature does not usually have 
much affect on the solubility of a liquid

-Gases: Gases have a lot of kinetic energy, but this decreases as a gas is dissolved in a solvent

If the temperature increases the gas regains some kinetic energy causing the gas molecule to actually come out of solution, therefore the solubility of gases decreases as the temp increases and vice versa


-Ex Why do fish come to the surface in late August and not so much in May?

Pressure:


-Changes in pressure do not really affect solids and liquids


-Pressure changes have the most affect on gases


-the solubility of a “gas is directly related to the pressure above the liquid|

-As the pressure increases the solubility of a gas will increase and vice versa, if the pressure decreases the solubility of the gas will decrease


Ex Bottle of Pop

SCH 3UI Sect 8.3 Concentration of Solutions  HMWK Rd pages 371-378 pp #1-40

Concentration: is the amount of solute per quantity of solvent

*Concentration can be measured in several different ways including...

Mass / volume percent   aka m/v%

m/v% = mass solute (g)   
X 100

NOTE: Solubility is measured:

             volume of solution (ml)

example: 

*If 16 g of sodium chloride is dissolved 

*If a cleaning solution is 2.7% m/v in1.5L, 500ml of water, what is the m/v%? 

what is the mass of the solute?

Mass/ Mass Percent   aka m/m%


m/m% = mass solute (g)       X 100



mass of solution (g)

ex. Pewter contains 85% tin, 7% copper, 6% bismuth and 2% antimony, determine the amount of tin and copper in a 150 kg statue.

Volume/volume Percent  aka v/v%


v/v% = volume of solute (ml)   X 100


             volume of solution (ml)

ex.  Determine the v/v% if 50ml of rubbing alcohol is added to 250ml of water

Concentration in Parts per Million (ppm) and Parts per Billion (ppb) 

*ppm or ppb, express a very small amount in an easier way

*instead of saying there is 1.0 X 10-6 g of a substance, the expression 1 ppm 
 could be used

OR 1.0 X 10-9 = 1 ppb

To express a concentration in the form of ppm or ppb use the following;

· ppm= mass of solute (g)   X 106

ppb = mass of solute (g)   X 109

      mass of solution


           mass of solution

OR


=              X g



       =           X  g

               106 g of solution


          109 g of solution

*Symptoms of mercury poisoning become apparent after a person has accumulated more than 20 mg of mercury in their body...

a) express this amount as parts per million for a 60kg person

b) express this amount as parts per billion

c) express this amount as a m/m%

Sect 8.3 con’t …Molar Concentration HMWK Rd pages 378-381 pp #41-50

Molar concentration indicates the number of moles of a solute in 1 L of solution


C  =  n / V

Ex.  If 45g of sodium hydroxide was dissolved in 750ml of water, 
       what is the molar concentration of this solution?

Molar Concentration of Ions -  must take into account the number of ions in the molecule.

Ex.  A calcium nitrate solution has a concentration of 0.5M, 
    what mass of calcium nitrate would be needed to make 2L of this solution?

What is the molar concentration of calcium ions and nitrate ions in the solution?

SCH 3UI
Sect 8.4 Preparing Solutions in the Lab
Read pages 383-388, pp #51-60

A standard solution also known as a “stock” solution. A stock/standard solution is a solution with a known, accurate concentration.

-There are 2 main methods to prepare a solution:


a) Measure the mass of a desired solute and dissolve in a set amount of water 
OR


b) Dilute a stock solution with water to make a lower concentration solution, 



ie. Take a 5.0 mol/L solution and dilute it to 2.5 mol/L

Dilution Calculations... are a 3 step process


1) Find the number of moles you need to make the desired solution


2) Find the volume of the stock solution


3) Calculate the volume of water needed to make the desired solution

Practice:

How do you make a 2.0L solution with a concentration of 0.10M from a stock bottle with a concentration of 18M?

Step 1 – Determine the number of moles that you need to for the desired solution

Step 2 – Determine the volume of stock solution needed

Step 3 – Calculate the mass of water required to make 2.0 L

Summary: How do you make the solution? What are the steps...

Alternative Method to determine the volume of stock solution...


Since the moles of the desired solution and the stock solution are equal...





nstock = ndesired 
Practice: Calculate the volume of stock solution required to make a 500 ml solution with a concentration of 0.75M from a 6.0M stock solution. Write the summary of instructions to make the solution.

 SCH 3UI
Sect 9.1 Net Ionic Equations and Qualitative Analysis
Rd p406-413, pp #1-10

Net Ionic equations, show only the reactive elements of a reaction

Terms:

-Ionic Equation: 

-Net Ionic: 

-Spectator Ion: 

-Precipitate: 

Rules for Writing a Net Ionic Equation:

1. Write the complete chemical equation for the reaction

2.  Rewrite the soluble ionic compounds as ions, ex NaNO3(aq) would be Na+(aq), NO3-(aq) 

3.  Leave insoluble ionic compounds as formula units...keep components of precipitates together

4.  Leave molecular compounds as molecular formulas since these compounds produce relatively few ions in an aqueous solution.  Ex H2O

5. Write all acids as formula units, except for the six strong acids listed below.  These acids completely dissociate, ie break up into H+(aq) and the anion.

HCl, HBr, HI, H2SO4, HNO3, HClO4
6. Cancel out the spectator ions.  Keep only covalent compounds, the ions that react and the precipitates that form in the reaction.  Any gas that is involved in the reaction must appear in the net ionic equation.

7.  Check that both the charges and the atoms are balanced in the net ionic equation. 

Practice:


Write the equation, total ionic equation and the net ionic equation for the reactions below;

a) Iron (III) chloride and sodium hydroxide

b) Calcium chloride and potassium phosphate

Qualitative Analysis is a type of analysis that identifies the elements, ions or compounds in a sample.

3 forms of qualitative evaluation are: 

a) Flame Tests

b) Colour of Solution

c) Formation of Precipitate

Flame Tests – a clean chromium wire is dipped in the solution and placed into a flame.  The colour of the flame indicates the presence of a specific ion

	Ion
	Symbol
	Colour

	Lithium
	
	

	Sodium
	
	

	Potassium
	
	

	Cesium
	
	

	Calcium
	
	

	Strontium
	
	

	Barium
	
	

	Copper
	
	

	Lead
	
	


Colour of the Solution – Aqueous solutions of ionic compounds of certain cations and anions also have characteristic colours

Cations

	Ion
	Symbol
	Colour

	Chromium (II)

Copper (II)
	
	

	Chromium (III)

Copper (I)

Iron (II)

Nickel (II)
	
	

	Iron (III)
	
	

	Cobalt (II)

Manganese (II)
	
	


Anions

	Ion
	Symbol
	Colour

	Chromate
	
	

	Dichromate
	
	

	Permanganate
	
	


Precipitate Reactions – Adding a known reactant to a solution and observing if a precipitate forms can help determine the elements that are in the solution.  The solubility guidelines on page 363 can help decide which reactant to add and which ions will form precipitates. If more than one unknown is present a series of reactions must be completed.  Note: Flame tests could be used on the precipitates to confirm the presence of an ion, however the precipitate must be rinsed first.

Example


Complete Activity 9.2 – Identifying Unknown Aqueous Solutions page 413

Observations

	Test
	Observation

	1. Solution colour
	colourless

	2. Addition of NaOH to solution
	White precipitate is produced, filtered, filtrate is colourless

	3. Flame test on precipitate
	Flame colour is red

	4. Addition of Na2SO4(aq) to filtrate from test 2
	A second white ppt is produced, filtered, filtrate is colourless

	5. Flame test on precipitate from test 4
	Flame colour is red, but a different red than the flame from test 3


Questions: 

1. List all the ions that cause a red flame and produce a precipitate in the presence of hydroxide ions

2. List all the cations that could cause a red flame and produce a precipitate in the presence of sulfate ions

3. If all traces of the two metal cations are removed from the solution in test 4, what might the flame colour be when a sample of the solution is tested. Explain your prediction.

4. List the solution colours and precipitatioin reactions you would expect to observe in tests to identify the metal ions in solutions that contain the following cations


a) Na+(aq) only


b) Cu2+(aq) only


c) Na+(aq) and Ag+(aq)

d) Cu2+(aq) and Ag+(aq)
Sect 9.2 Solution Stoichiometry




HMWK: Rd p415-421, pp#11-30

In solution stoichiometry, known volumes and concentrations of reactants or products are used to determine the volumes, concentrations, or masses of other reactants or products. 

KEY with Stoichiometry is to use the mole ratio (coefficients) and moles to relate to any other substance in a chemical equation.

Examples:

1) 100ml of silver nitrate reacted with excess copper wire.  When the reaction was complete 2.30g of silver was obtained, determine the concentration of the silver nitrate solution.  Write the net ionic equation and identify the spectator ions.

2) What is the mass of aluminum hydroxide that forms when 45ml of 0.045M of aqueous aluminum sulfate is mixed with 90ml of 0.025M aqueous calcium hydroxide.  

Sect 10.1 con’t…  Arrhenius Acids and Bases Con’t...

The pH Scale: Measuring by Powers of Ten

-The concentration of hydronium ion, H3O+ or H+ ranges from 10 mol/L to 10-15 mol/L. In 1909 a Danish biochemist, Soren Sorensen developed a method to convert concentrations to positive values using a system of logarithms



pH = - log [H3O+]

Complete the Chart Below:

	Range of Acidity and Basicity
	[H3O+] mol/L
	Exponential Notation (mol/L)
	Log
	pH (-log[H3O+])

	
	
	
	0
	

	
	
	
	-1
	

	
	
	
	-2
	

	
	
	
	-3
	

	
	
	
	-4
	

	
	
	
	-5
	

	
	
	
	-6
	

	
	
	
	-7
	

	
	
	
	-8
	

	
	
	
	-9
	

	
	
	
	-10
	

	
	
	
	-11
	

	
	
	
	-12
	

	
	
	
	-13
	

	
	
	
	-14
	


Calculate the pH of the following;

a) [H3O+] = 0.0027M
b) [H3O+] = 7.28 X 10-8M
c) [H3O+] = 9.7 X 10-5M
d) [H3O+] = 8.27 X 10-12M 

e) [H3O+] = 0.000035M

Determine the [H3O+] for the following


a) pH = 5.29

b) pH = 9.26

c) pH = 3.01

d) pH = 7

Sect 10.2 Neutralization Reactions and Acid-Base Titrations

Rd pages 464-470, pp #1-10

An acid and a base combine resulting in a neutralization reaction


Acid   +   Base  →  Salt   +    Water

Total Ionic Equation:

Net Ionic Equation:

It is often difficult to see if a neutralization reaction has occurred, no ppt forms, no heat or light is given off and there is no change in colour with the reactants and products themselves

However, when observing a neutralization reaction, acid-base indicators can be used to see if a reaction has occurred

Indicators are weak monoprotic acids that have one colour in acids and a different colour in base

A titration is a quantitative analysis to determine the concentration of an unknown solution

-In a titration the solution with the known concentration (called the standard) is added to a solution with an unknown concentration but a known volume

-Once the titration is completed, the volume of the standard required to neutralize the unknown is determined and the concentration of the unknown can be calculated

-When the number of hydrogen atoms (moles of hydrogen) equal the number of hydroxide atoms (moles of hydroxide) the solution is considered neutral and the equivalence point is reached

The point at which the indicator changes colour, indicating the solution is neutral is called the end-point

Titration Question:

If 33ml of 0.25M of KOH was required to neutralize 45ml of sulfuric acid in a titration, determine the concentration of sulfuric acid. 

Mixture of ions 





Add HCl





Filter





Add H2S








