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Thermochemistry & Chemical Kinetics Test Review 
A. Thermochemistry

Theory
1. Explain the difference between kinetic and potential energy using an analogy.

2. Explain the difference between heat, temperature, and thermal energy using an analogy.

3. What are the postulates of the kinetic molecular theory?

4. Describe the difference between an open, closed, and isolated system.  Include what can and cannot be exchanged in each case.

5. How do you determine whether a reaction is endothermic or exothermic?  Explain two ways.

6. What is calorimeter?

7. Describe the parts of a basic coffee-cup calorimeter, and compare it to a bomb calorimeter.

8. How do the two laws of thermodynamics relate to this unit?

9. How does the enthalpy of physical changes compare to chemical changes and nuclear reactions?
10. What is the difference between nuclear fission and nuclear fusion?

11. Examine a heating curve for water – explain what is occurring at each point along the graph.

12. What assumptions are often made in calorimetry calculations?

13. How are q and ΔH related?

14. What is the difference between ΔH and ΔHrxn?

15. What side of the thermochemical reaction does the ΔH value appear in an endothermic reaction?  Exothermic?

16. Compare potential energy diagrams for endothermic and exothermic reactions.

17. How do energy changes compare when bonds break and when bonds are formed?

18. Why do triple bonds have higher bond energies than single bonds?
19. State Hess’s Law.

20. When is a substance in its “standard state?”

Problems

1. In a coffee-cup calorimeter, a student mixes 1.60 g ammonium nitrate with 75.0 g water at an initial temperature of 25.00°C.  After dissolution of the salt, the final temperature of the calorimeter contents is 23.34°C.  Assuming the solution has the same heat capacity and density as liquid water, calculate the enthalpy change for the dissolution of ammonium nitrate. (+26.0 kJ/mol)
2. In a calorimeter, 60.0 mL of 0.700 mol/L sodium hydroxide solution was neutralized with 40.0 mL of excess sulfuric acid solution.  The temperature increased by 5.6°C.  Calculate the molar enthalpy of neutralization for sodium hydroxide. (-46.0 kJ/mol)
3. Use bond energies to predict the enthalpy of reaction for CH4 (g) + H2O (g) → CO (g) + 3 H2 (g). Write the thermochemical equation and draw a potential energy diagram for this reaction.  (218 kJ)

4. Use bond energies to predict the enthalpy of reaction for H2O2 (aq) → H2O (l) + O2 (g). Write the thermochemical equation and draw a potential energy diagram for this reaction.  (-101.5 kJ)
5. Use Hess’s law to determine the enthalpy of reaction for SO2 (g) + ½ O2 (g) → SO3 (g) using the following equations:

S (s) + O2 (g) → SO2 (g)


ΔH = -1676 kJ




(-100.9 kJ)

2 S (s) + 3 O2 (g) → 2 SO3 (g)

ΔH = -824 kJ

6. Use Hess’s Law and the standard enthalpies of formation to determine the enthalpy of reaction for:
2 NH3 (g) + 3 O2 (g) + CH4 (g) → 2 HCN (g) + 6 H2O (g)




(-1014.4 kJ)
7. In the process of coal gasification, the following reactions are used: C (s) + 2 H2 (g) → CH4 (g) and 
   C (s) + ½ O2 (g) → CO (g)

a) Determine the enthalpy change for the combustion of each of the products in the reactions, using standard enthalpies of formation. (CH4 -890.7 kJ/mol, CO -283.0 kJ/mol)
b) Based on these values, calculate the enthalpy change per gram.        

(CH4-55.50 kJ/g, CO -10.10 kJ/mol)
c) Which is the better energy source: methane or carbon monoxide? Explain.

B. Chemical Kinetics

Theory

1. What are five different ways to indirectly measure concentration in a reaction to determine reaction rate?
2. If given a graph of concentration vs. time, how can you determine the average reaction rate?

3. How does stoichiometry have a role in reaction rates?

4. Describe the collision theory.
5. Define the terms “activation energy” and “activated complex.”

6. Summarize the five factors that affect the rate of reaction.  Ensure to explain their influence on the collision model.

7. Describe how the Maxwell-Boltzmann distribution changes when temperature of a reaction system is increased.

8. Why is “k” not actually a constant? Give two reasons.
9. What is meant when the term “order of the reactant” and “total reaction order?”

10. Sketch a graph showing a total reaction order of 0, 1, and 2.

11. What is a “reaction mechanism?”

12. If you have a list of elementary steps, how can you tell which will most affect the reaction rate?
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Problems

1. Use the graph to the right to answer the following questions:

a) Which is a reactant and which is a product? How did you know?
b) Determine the average rate of production of A between 5 and 15 s.

c) Determine the average rate of disappearance of B between 4 and 12 s.

2. In the reaction represented by the general equation A + 2B → 3C + 4D, the initial concentration of B was 0.0431 mol/L.  After 11.3 min, the concentration of B was 0.0307 mol/L.

a) Calculate the average rate of consumption of B for the first 11.3 min in mol/Ls. (1.83 x 10-5 mol/L.s)
b) Calculate the average rate of formation of C.  (2.74 x 10-5 mol/L.s)
3. The reaction 2 NOCl (g) → 2 NO (g) + Cl2 (g) was studied at room temperature.  The initial rate of reaction was determined by the table below:

	Run
	Initial [NOCl] (mol/L)
	Initial Rate (mol/L.s)

	1
	0.30
	5.98 x 104

	2
	0.20
	2.66 x 104

	3
	0.10
	6.64 x 103

	4
	0.40
	1.06 x 105


a) What is the rate law equation?

b) What is the value of the rate constant (with units)? (6.6x10-5 L/mol.s)
4. The reaction I- (aq) + OCl- (aq) → IO- (aq) + Cl- (aq) was studied at constant temperature.  The initial rate of reaction was determined by the table below:
	Run
	Initial [I-] (mol/L)
	Initial [OCl-] (mol/L)
	Initial Rate (mol/L.s)

	1
	0.12
	0.18
	7.91 x 10-2

	2
	0.060
	0.18
	3.95 x 10-2

	3
	0.090
	0.030
	9.88 x 10-3

	4
	0.090
	0.24
	7.91 x 10-2


a) What is the rate law equation for this reaction?

b) Calculate the value of the rate constant, including units. (3.7 L/mol.s)

c) Calculate the initial rate for an investigation where both [I-] and [OCl-] are initially present at 0.15 mol/L. 

5. In solution, chlorine dioxide and hydroxide ions react to form chlorate ions, chlorite ions, and water.  The balanced chemical equation is: 2 ClO2 (aq) + 2 OH- (aq) → ClO3- (aq) + ClO2- (aq) + H2O (l).  The reaction is found to be second order with respect to chlorine dioxide and first order with respect to hydroxide ions.
a) Write the rate equation for the reaction.

b) What is the overall order of the reaction?

c) How would doubling the concentration of chloride dioxide affect the reaction rate?

d) How would doubling the concentration of hydroxide ions affect the reaction rate?

e) Determine the value of the rate constant (with units).

6. A proposed mechanism for a reaction is:
C4H9Br (aq) → C4H9+ (aq) + Br- (aq)


slow

C4H9+ (aq) + H2O (l) → C4H9OH2+ (aq) 


fast

C4H9OH2+ (aq) + H2O (l) → C4H9OH (l) + H3O+ (aq)
fast

d) Write the rate law equation expected for this reaction mechanism.

e) What is the overall balanced chemical equation for the reaction?

f) What are the intermediates in the proposed reaction mechanism?

7. A proposed mechanism for a reaction is:

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 is the overall balanced chemical equation for the reaction?

b) What are the intermediates in the proposed reaction mechanism?

c) The rate law equation was determined to be rate = k[KNO2][NH4+].  Is the proposed mechanism plausible?  Support your answer.

