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SCH 4U – Exam Review 2013-2014

Exam Date: 






Exam Outline

· You will have 2.5 hours (8:10-10:40) to complete the exam. 
· You need a scientific calculation, pencil/eraser for Scantron

· You will be provided with a periodic table and data sheet with necessary constants and information 
· 50 Multiple Choice Questions (45 from in-class units, 5 from ISU)
· 70 Problem Solving Questions (14 different types of questions – examples below)
Theory Topics

· Definition of saturated vs. unsaturated hydrocarbons

· General formulas for alkanes, alkenes, alkyne

· Basics to fractional distillation and cracking

· Structure of aromatic hydrocarbons

· Boiling point & solubility trends and functional groups

· 2 reactions to create polymers

· Classical & quantum models – scientists and contribution

· Orbitals and charge
· Electron configuration

· Polarity ranges (non-polar, polar, ionic)

· Identify VSEPR structures

· Energy-level diagram for valence

· Orbital hybridization on central atoms

· Intermolecular forces

· Differences between endothermic and exothermic

· q = mcΔT calculation

· Mole ratios and energy values

· Calorimetry assumptions to do calculations

· Writing thermochemical equations
· Determining reaction rates through physical changes

· Controlling reaction rates

· Activation energy and activated complex

· Rate laws (exponents and effects on rate)

· Basic rate calculation (given time and concentrations)

· Elementary and rate determining steps

· Le Châtelier’s principle and shift to reactants/products

· Writing equilibrium expressions (K)

· Ksp and equilibrium positions

· Arrhenius & Brønsted-Lowry theory of acids and bases
· pH and acidity

· Definition of REDOX

· Oxidation and Reduction half reactions

· Determining oxidation numbers

· Results of corrosion

· Electrolytic cells

Problem-Solving Review Questions
Unit 1: Organic Chemistry

1. Name the following organic compounds:
a)  
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2. Draw the following organic compounds:

a) N-ethyl-N-propylhexanamide



b) 2,3,6-trichloroheptanol



c) 2-methylbutan-1,4-dioc acid
d) cyclopentan-1,3-diene




e) 2-propoxybutane



f) 4-ethyloctan-3-one
g) 2,2-dimethylpropanal
h) ethyl 2-butylhexanoate
i) N-propylheptan-3-amine
j) 4-bromopent-2-yne
k) ethyl benzoate
l) 1-chloro-3-ethyl-2,4-dimethylbenzene

3. Complete the following reactions – draw the reactants and products, show the mechanism and conditions, and name the products.  These reactions are one step.
a) Propan-2-ol + butanol →

b) Ethanol + [O] →

c) Butanone + [H] →
d) cis pent-2-ene + H2O →

e) Ethene + H2 →

f) Pentanol + HCl →

g) Methanoic acid + butan-2-ol →

h) N-ethylpropan-2-amine + hexanoic acid →

i) 2-methylbutane + Br2 →
j) 2-bromopropane + NaOH (strong base) →

k) Benzene + fluoroethane →

l) N-methyl-N-ethylpropanamide + H2O →

m) Hexan-3-ol →

n) Octane + O2 →

4. Determine the synthesis pathway from the reactants to the products.  Show the mechanism and conditions for these multi-step reactions.
a) Butan-2-ol from butane

b) An aldehyde from 1-propoxypentane

c) N-ethylpropanamide from an alkyl halide and an alcohol

d) Propane from propanoic acid

e) Hexan-3-one from an alkene

f) Amide from propanone and ethane
Unit 2: Structures & Bonding

5. Draw the Lewis and name the VSEPR structures for:

a) PF3
b) OBr2
c) C2H4
d) BH3
e) HCN-
f) NO3- (and resonance)
g) SiCl4
h) CO2
i) NH4+
j) PI5
k) SeF6
l) CH3CH2OH

m) SO42-
n) XeOF4
o) C2H2
p) CO

6. Describe and draw the orbital overlap and hybridization (when necessary) diagram for the following:
*For simplicity, ignore the orbitals that are not a part of bonding*

a) CF4
b) C2H2
c) H2S
d) Si2I4

7. Draw the following molecules, determine the bond and molecular polarity, and draw dipoles and overall dipole (where necessary) for each of the following.  Also determine the dominant intermolecular force present.

a) CH2Br2
b) PBr5
c) SCl2
d) NH3
Unit 3: Energy & Kinetics

8. Calorimetry Problems
a) In a chemistry experiment to investigate the properties of a fertilizer, 10.0 g of urea, NH2CONH (s) is dissolved in 150 mL of water in a simple calorimeter.  A temperature change from 20.4°C to 16.7°C is measured.  Calculate the molar enthalpy of solution for the fertilizer urea. (+13.9 kJ/mol)
b) A laboratory technician adds 43.1 mL of concentrated 11.6 mol/L hydrochloric acid to water to form 500.0 mL of dilute solution.  The temperature of the solution changes from 19.2°C to 21.8°C.  Calculate the molar enthalpy of dilution for hydrochloric acid. (-10.9 kJ/mol)
9. Hess’s Law & Standard Enthalpy of Formation
a) Use the standard enthalpies of formation to determine the molar enthalpy of combustion for pentane.  Assume water is liquid. Also sketch a potential energy diagram for the reaction. (-3509 kJ/mol)

b) Ammonium nitrate fertilizer is produced by the reaction of ammonia with nitric acid: 


NH3 (g) + HNO3 (l) → NH4NO3 (aq).  Use standard enthalpies of formation to calculate the standard 
enthalpy change of the reaction above.  Also sketch a potential energy diagram for the reaction. (-145.6 kJ)
10. Rate Laws

a) A series of experiments is performed for the system 2A + 3B + C → D + 2E


When the initial concentration of A is doubled, the rate increases by a factor of 4.


When the initial concentration of B is doubled, the rate is doubled.

When the initial concentration of C is doubled, there is no effect on rate.

· What is the order of reaction with respect to each of the reactants?

	Trial
	Initial [A] 

(mol/L)
	Initial [B] 

(mol/L)
	Initial [C] 

(mol/L)
	Rate 

(mol/L.s)

	1
	0.10
	0.10
	0.10
	3.0 x 10-4

	2
	0.20
	0.10
	0.10
	1.2 x 10-3

	3
	0.10
	0.30
	0.10
	3.0 x 10-4

	4
	0.20
	0.10
	0.20
	2.4 x 10-3


· Write an expression for the rate law.

b) The experimental observations in the table were obtained for the reaction 2A + B + 2C → 3X.

· What is the order of the reaction with respect to each of the reactants?

· Write an expression for the rate equation.

· Calculate a value for the rate constant. (0.3 L2/mol2.s)
· Calculate the rate of production of X when [A] = [B] = [C] = 0.40 mol/L (1.9x10-2 mol/L.s)
11. Reaction Mechanisms

a) Nitrogen monoxide reacts with hydrogen gas to produce nitrogen and water vapour.  The mechanism is believed to be:

Step 1: 2 NO (g) → N2O2 (g)



slow

Step 2: N2O2 (g) + H2 (g) → N2O (g) + H2O (g)

fast

Step 3: N2O (g) + H2 (g) → N2 (g) + H2O (g)

fast

Write the overall balanced equation for the reaction.  Identify the reaction intermediates.  Write the rate equation for this reaction.
Unit 4: Equilibrium

12. Equilibrium Calculations

a) If 1.00 mol each of carbon dioxide and hydrogen is initially injected into a 10.0 L reaction chamber at 986°C, what would be the concentrations of each entity at equilibrium?  The value of the equilibrium constant, K is 1.60.
CO2 (g) + H2 (g) ⇌ CO (g) + H2O (g) 
(CO2 = 0.0442 mol/L, H2 = 0.0442 mol/L, CO = 0.0558 mol/L, H2O = 0.0558 mol/L)

b) The equilibrium constant, K is 4.20x10-6 at a temperature of 1100 K for the reaction 

2 H2S (g) ⇌ 2 H2 (g) + S2 (g).  What concentration of S2 can be expected when 0.200 mol of H2S comes to 
equilibrium at 1100 K in a 1.00 L vessel. (S2 = 3.48 x 10-3 mol/L)
c) In a sealed container, nitrogen dioxide is in equilibrium with dinitrogen tetroxide.  2 NO2 (g) ⇌ N2O4 (g).

K = 1.15 at 56°C.  Find the equilibrium concentration of nitrogen dioxide and dinitrogen tetroxide if the initial concentration of nitrogen dioxide is 0.650 mol/L.  (NO2 = 0.357 mol/L, N2O4 = 0.147 mol/L)

13. Acid-Base Equilibrium

a) To clean a clogged drain, 26 g of sodium hydroxide is added to water to make 150 mL of solution.  What are the pH and pOH values for the solution? (pH = 14.64, pOH = -0.64)
b) What mass of potassium hydroxide is contained in 500 mL of solution that has a pH of 11.5? (0.09 g)

c) The Kb for hydrazine, N2H4 (g), a rocket fuel, is 1.7x10-6.  What is the Ka of its conjugate acid, N2H5+ (aq)? (5.9x10-9)
Unit 5: Electrochemistry

14. For the following, draw a diagram of the galvanic cell, label the anode, cathode, and salt bridge, show the direction of both electron and ion flow, and include the two half-reactions and overall reaction.

a) a piece of iron and an iron (III) sulfate solution, and a piece of copper and a copper (II) sulfate solution.  
b) a piece of magnesium and a magnesium chloride solution, and a piece of silver and a silver chloride solution.
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