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Part A: Multiple Choice – Identify the choice that best completes the statement or answers the question. (1 Mark each, 12 Marks Total) [K]
	____
	1.
	Given the equation 2Na(s) + 2H2O(l)  (  2NaOH(aq) + H2(g), which of the following could be used to monitor the rate of the reaction?
(a) The decrease in the mass of sodium
(b) The volume of hydrogen gas produced
(c) The pH of the solution
(d) All of the above


	____
	2.
	Chemical Kinetics is the study of factors that affect
(a) The rate of a chemical reaction
(b) The chemical properties of substances
(c) The rate of change in concentration
(d) The physical properties of substances

	
	
	

	____
	3.
	Enzymes are 

(a) Highly porous substances that activate acids and bases
(b) Substances synthesized by chemists to decrease the reaction rate
(c) Extremely poor in catalytic activity
(d) Catalysts found in organisms


	____
	4.
	A rate law equation expresses how
(a) the concentrations of entities in a reaction depend on time
(b) the rate of a reaction depends on the concentrations of the reactants
(c) the concentrations of entities in the reaction depend on temperature
(d) the rate of a reaction depends on temperature


	____
	5.
	A reaction intermediate is described as
(a) a starting material
(b) a product
(c) something formed and consumed during a reaction
(d) a step in a reaction mechanism


	____
	6.
	In a reaction mechanism, the rate determining step is always
(a) a reaction intermediate
(b) the last step
(c) the slowest step
(d) the fastest step


	____
	7.
	What is activation energy?
(a) The minimum amount of energy the reactants must have for a collision to be effective
(b) The difference in energy between reactants and products
(c) The amount of energy required to break the bonds of products
(d) The amount of energy required to overcome the electrostatic repulsions between reactant molecules

	
	
	

	____
	8.
	Which of these is not a possible unit for the rate law constant
(a) (L·s)/mol
(b) L/(mol·s)
(c) 1/s
(d) L2/(mol2·s)


	____
	9.
	What will happen as the temperature of a system increases?
(a) The activation energy of the system will increase, causing an increase in the reaction rate
(b) All particles will have more kinetic energy, causing more frequent collisions. This will decrease the reaction rate
(c) The average kinetic energy of the particles will increase causing more effective collisions. This will increase the rate of the reaction
(d) The motion of the particles increases, which decreases the rate of reactions because the particles will be more likely to miss each other


	____
	10.
	Which of the following scenarios will have the fastest rate of reaction
(a) A 0.50 g chunk of magnesium is reacted with 2.0M hydrochloric acid at 23oC
(b) A 0.5 g sample of powdered magnesium reacts with 2.0M hydrochloric acid at 23oC
(c) A 0.5 g chunk of magnesium is reacted with 2.0M hydrochloric acid at 21oC
(d) A 0.5 g strip of magnesium is reacted with 1.0M hydrochloric acid at 23oC


	____
	11.
	The two equations below represent a reasonable rate mechanism
CH3OH(aq) + H+(aq)  (  CH3OH2+(aq)
CH3OH2+(aq) + Br-(aq) (  CH3Br(aq) + H2O(l)
The rate law is experimentally determined to be rate = k[CH3OH][ H+][ Br-]. Which of the above two reactions is the rate determining step
(a) The first one
(b) The second one
(c) Both of the above occur at the same rate
(d) None of these


	____
	12.
	If the rate law for a reaction is determined to be rate = k[X]1[Y]2[Z]0, then the overall order of the reaction is
(a) 0
(b) 1
(c) 2
(d) 3

	____
	13.
	Given the rate law from question 12, doubling the concentration of Y will…
(a) Quadrupole the rate
(b) Double the rate
(c) Halve the rate
(d) Have no effect on the rate


	____
	14.
	Which of the following factors, if increased, will increase the rate of a reaction
(a) temperature
(b) concentration
(c) pressure
(d) more than one of the above


	____
	15.
	The initial rate of production of CaBr2(aq) in the following reaction is 0.0750 mol/(L·s).  What is the corresponding rate of consumption of HBr(aq)?
HBr(aq)        +        Ca(OH)2     (      CaBr2(aq)      +       H2O(l)
(a) 0.0188 mol/(L·s)
(b) 0.0375 mol/(L·s)
(c) 0.150 mol/(L·s)
(d) 0.300 mol/(L·s)


	____
	16.
	How much energy is released when the temperature of a 21.2 kg mass of a substance decreases by 15oC, if the substance has a specific heat capacity of 1.6 J/goC
(a) 199J
(b) 509J
(c) 199kJ
(d) 509kJ


	____
	17.
	If the average bond energy of an O-H bond is 467 kJ/mol, how much energy is needed to break the bonds in 2mol of water??
(a) 234 kJ
(b) 467 kJ
(c) 934 kJ
(d) 1868 kJ

	
	
	

	____
	18.
	For the chemical reaction represented by
C(s) + O2 (  CO2(g) + 394 kJ

What is the ΔH for the decomposition of 2 mol of CO2(g) into its elements?
(a) +394 kJ
(b) -394 kJ
(c) +788 kJ
(d) -788 kJ


	____
	19
	Identify the statement that is true for the reaction described by the equation below.
H2(g) + ½ O2(g) (  H2O(l) + 286 kJ
(a) It is exothermic
(b) It is endothermic
(c) It occurs most quickly at room temperature
(d) It has a positive enthalpy value


	____
	20
	Reaction A has an enthalpy change of -65kJ and reaction B has an enthalpy change of +405 kJ.  Reaction C is the combination of Reaction A and 2 times reaction B.  What is the enthalpy change of reaction C?
(a) -745 kJ
(b) +745 kJ
(c) +875 kJ
(d) -875 kJ



Part B – Short Answer – Answer the questions in the space provided.
21.
Nitric oxide gas, NO(g), can be oxidized in air to produce nitrogen dioxide gas NO2(g):

2NO(g) + O2(g) ( 2NO2(g)
Determine the enthalpy change for this reaction using any of these thermochemical equations             (4 Marks) [T]
O2(g) (  2O(g)



ΔH = +492 kJ
NO(g) + O3(g) (  NO2(g) + O2(g)

ΔH = -199 kJ

2O3(g) (  3O2(g)



ΔH = -427 kJ

	Compound
	(Hfo ( kJ/mol)

	CO2(g)
	-393.5 

	H2O(g)
	-241.8

	H2O(l)
	-285.8

	NO(g)
	+90.2


 22.
Using the standard enthalpies of formation provided in the table, calculate the enthalpy of formation of methanol, CH3OH(l) (4 Marks) [T]


CH3OH(l) + 3/2O2(g) ( CO2(g) + 2H2O(l) + 726 kJ


23.
In a given reaction, it is noted that the rate of a reaction in the first 2 seconds is much faster than the rate of reaction between 20s and 22s.  Explain why this occurs (2 Marks) [C]

24.
Some of your classmates think that the use of a catalyst affects the overall enthalpy change of a reaction.  Are they correct? Explain your answer with the use of diagrams as well as a written explanation (3 Marks) [C]
25.
For the reaction A + B + 2C ( ABC2, the following data is collected 
	Run
	[A] (mol/L)
	[B] (mol/L)
	[C] (mol/L)
	Rate (mol/L·s)

	1
	0.120
	0.220
	1.25
	2.14x10-3

	2
	0.120
	0.220
	2.50
	2.14x10-3

	3
	0.120
	0.440
	1.25
	4.28x10-3

	4
	0.240
	0.220
	1.25
	8.56x10-3


Determine the complete rate law for this reaction including the rate constant (5 Marks) [T]
26.
The following is a chemical reaction.  
NH4+(aq) +HNO2(aq) (  2H2O(l) + H+(aq) + N2(g)
It was experimentally determined that the rate law for the equation is 
rate = k[HNO2(aq)][NH4+(aq)]
NH4+(aq) (  NH3(aq) + H+(aq)


(fast)

H+(aq) + HNO2(aq) (  H2O(l) + NO+(aq)

(fast)

NH3(aq) + NO+(aq) (  NH3NO+(aq)


(slow)

NH3NO+(aq) (  N2(g) + H2O(l) + H+(aq)

(fast)

a) What are the reaction intermediates in this proposed mechanism? What, if any, is the catalyst?  (3 marks) [C]
b) Is the mechanism reasonable? Support your answer. (3 marks) [T]
27. a)
The first reaction below is faster than the second.  Suggest reasons for this being the case specifically making reference to the kinetic molecular theory (3 Marks) [A]

Zn2+(aq) + S2-(aq) ( ZnS(s)
(fast)
Zn(s) + S(s) ( ZnS(s)

(slow)
b) How could you speed up either of the reactions? Explain how that would speed it up? (3 marks) [A]

28. Using an example from your daily life as an analogy, explain the concepts of reaction mechanisms and rate determining steps. (No Toast Example) (3 Marks) [A]


