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								    				    Chemical Kinetics 1. During the combustion of methane, CH4, shown by the reaction CH4 (g) + O2 (g) ! CO2 (g) + H2O (g)



The concentration of methane was measured at various various time intervals and the following results were obtained:



Time (s)



[CH4] (mol / L)



10



2.40



20



1.20



30



0.80



40



0.60



Calculate the average rate of loss loss of methane during the 10 to 40 40 second second time period. 2. Consider the following reaction:



N2(g) + 3 H2(g) ! 2 NH3(g)



If the rate of decomposition decomposition of N2(g) is 0.03 mol/L/s, what is the rate of formation of NH3(g)?



3. Measurements Measurements taken during the reaction CO (g) + NO2 (g) ! CO2 (g) + NO (g) are as follows: concentration of carbon carbon monoxide monoxide 0.019 mol/L at 27 min and and of of 0.013 mol/L at 45 min. Calculate the average average rate in mol/L/min over this 18 min period, of each of the following: a) The loss of carbon monoxide, CO b) The gain of carbon dioxide, CO2 4. In the following reaction the average rate of loss of carbon monoxide, monoxide, over over a set period, period, is -1 -1 0.15 mol !  L  L !  s  s . 2 CO (g) ! CO2 (g) + C(s)



What is the average rate of production of carbon dioxide during the same period. 5. Describe the collision theory, theory, being sure sure to list the factors required for successful successful collisions. 6. Think of a set of tasks tasks that you do on on a regular basis (such as getting out of bed and getting getting ready for school). List the starting point of this event series (the initial “reactants”) List the final end point of the series (the final “product”) List the steps required, in the proper order, and the amount of time required for each step (approximate times are fine) Which step is the rate determining step? How might you speed up the rate determining step?



•



•



•



•



•



Kinetics Practice Problems



 7. Given the following following reaction mechanism, determine the equation for the overall reaction. reaction.



Step 1:



A2 (g)



! 2



A(g)



Step 2:



2 A(g) + 2 B (g)



! 2



AB(g)



Step 3:



2 AB(g) + C 2(g)



! 2



ABC(g)



Step 4:



2 ABC(g) ! 2 AC(g) + 2 B(g)



Overall:



Also list the reaction intermediates for this reaction: 8. Draw a basic basic kinetic energy energy diagram. diagram. Include a line to represent represent threshold energy for a reaction, and label the line. Also label the axes but you do not need to include numerical values on these axes. 9. Explain why the rate of a chemical reaction reaction increases increases as the concentration of the reactants reactants increases. 10. Consider two gases gases A and and B in a container container at room temperature. What effect will the following following changes have on the reaction rate between these gases (increase, decrease, no effect)? a) The pressure is increased. b) The number of molecules of gas A is doubled c) The temperature temperatur e is decreased 11. Which of the following following reactions will have have the fastest rate? The slowest? Explain a) C12H26 (s) + O2 (g) --> 12 CO2 (g) + 13 H2O (g) b) S2O82-(aq) + 2 I-(aq) --> 2 SO42-(aq) + I2(s) c) Ba2+(aq) + SO42-(aq) --> BaSO4(s)



Explanation: 12. The series of steps by which which an overall chemical reaction reaction takes place is called the: 13. The slowest step in the series of steps in a chemical reaction is called the: 14. Define activation activatio n energy.



Kinetics Practice Problems



 15. Consider the following potential energy diagrams diagrams which represent two chemical reactions. On the basis of these diagrams, which reaction would you expect to occur at a faster rate? Why?



B



 A



16. Which will react faster, zinc with 3 M hydrochloric acid or zinc with 1 M hydrochloric acid? Why? 17. White phosphorus phosphorus reacts immediately and rapidly rapidly with oxygen when exposed exposed to air. What can you say about the amount of activation energy required for this reaction? 18. Hydrogen peroxide reacts reacts with hydrogen ions and iodide ions according to the following reaction mechanism: step 1.



H+ + H2O2 ! H3O2+



fast



step 2.



H3O2+ + I- ! H2O + HOI



slow



a) Write the overall reaction described by this mechanism Step 1.



H+ + H2O2 ! H3O2+



Step 2.



H3O2+ + I- ! H2O + HOI



overall:



b) If you wanted to increase the rate of the overall reaction, would it be better to increase the concentration of H+ or I-. Why? 19. Consider the following potential potential energy diagram:



a) Is the forward reaction endothermic or exothermic:  __________________  _____________________ ___ b) Determine "H for the forward reaction:  __________________  _____________________ ___



Kinetics Practice Problems



 c) Determine "H for the reverse reaction:  __________________  _____________________ ___ d) Determine Ea for the forward reaction:  __________________  _____________________ ___ e) Determine Ea for the reverse reaction:  __________________  _____________________ ___ f)



Label the location of the activation complex in the diagram.



g) Add to the diagram a possible pathway for a catalyzed reaction.



20. Sketch a potential energy curve for an reaction based on the information provided below. below. Label the parts representing the activated complex, activation energy, and change in enthalpy, "H. "Hforward =



-30 kJ



Ea reverse = +50 kJ



21. Phosgene, Phosgene, COCl2, one of the poison gases used used during World War War I, is formed from chlorine and carbon monoxide. The mechanism is thought to proceed by: step 1: step 2: a. b. c.



Cl + CO ! COCl COCl + Cl2 ! COCl2 + Cl



Write the overall reaction equation. Identify any reaction intermediates. Identify any catalysts.



22. Based on the following kinetic energy curves, which reaction will have a faster rate - A or B? Explain. Also, Also, which reaction, A or B, would benefit most in terms of increased rate if the temperature of the system were increased?



23. Sketch a potential energy energy curve that is represented by the following following values of "H and Ea. "H = -100 kJ and Eaforward = 20 kJ



Kinetics Practice Problems



 24. We have typically been simplifying simplifying our potential energy curves somewhat; for multistep reactions, potential energy curves are more accurately shown with multiple peaks. Each peak represents the activated complex for an individual step. Consider the PE curve for a two-step reaction:



a. b. c. d. e. f. g. h. i.



What is "H for the overall reaction? What is "H for the first step of the reaction mechanism? What is "H for the second step of the reaction mechanism? What is "H for the overall reverse reaction? What is Ea for the first step? step? What is Ea for the second step? Which is the rate-determining rate-determining step - step 1 or step 2? How do you know? What is Ea for the reverse reverse of step 1? Is the overall reaction reaction endothermic endothermic or exothermic? exothermic?



25. Why do wood shavings shavings burn more rapidly than a log? 26. Hydrogen reacts reacts more quickly quickly with Cl2 than with Br 2. What must be be true about about a) the strength strength of the bonds holding the two Cl and Br atoms together? and b) the relative magnitude of the activation energies of the two reactions? 27. Explain why things burn burn more violently in oxygen than than in air. 28. If the rate of the reaction A + B + C --> D + E does not depend on the concentration concentration of C, what does this tell us about the reaction mechanism? 29. For each pair of reactants tell which has has the greater activation energy: energy: a. a 1 cm3 cube of Fe reacting with 50 mL of 1 M HCl producing H2 at a rate of 1 mL/s and a 1 cm3 of Mg reacting under the same conditions producing as at the rate of 5 mL/s. b. A cube cube of Fe reacting with 50 mL of 1 M HCl HCl and powdered powdered Fe of of the same mass as the cube reacting with 50 mL of 1 M HCl. 30. Consult the table for for standard heats of formation and draw draw a potential energy energy diagram for the formation of NO2(g). 31. The reaction 2A + B --> C + 2D has the following reaction mechanism: mechanism: Step 1: A + B --> C + E Step 2: A + E --> 2D If Step 1 has a very high activation energy, then: a) Which Which is is the the rate rate dete determi rminin ningg step step?? b) What is the effect on the overall rate rate of increasing increasing the concentration concentration of A and then of of B?
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 32. Will an increase in temperature necessarily necessarily make the overall overall reaction in the previous question question faster? Explain. 33. Explain why a lump lump of coal cannot cannot be ignited explosively explosively but fine coal coal dust can. 34. Hydrogen Hydrogen peroxide peroxide,, H2O2, decomposes into water and oxygen. When a 1 g lump of MnO2 is added to hydrogen peroxide the decomposition is faster and 1 g of MnO 2 is still left afterward. Explain. 35. Inside a flash bulb from an older camera are the two reactants reactants necessary necessary for a violent reaction that produces light. light. Why do they not not react? In terms of collision theory theory,, how is the reaction reaction made to occur? 36. Consider the problem problem of trying to start a campfire campfire or BBQ. The fire seems to be going and then goes out. This happens a few times and and eventually it catches and and a good hot fire is produced. Explain in terms of reaction kinetics. kinetics. How does the wind enter into this explanation. explanation.
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