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A: Concentration vs. Time Quiz  ________1. BI4Kin-A1. The organic compound methyl isonitrile (CH3NC) can form an isomer, acetonitrile (CH3CN), as represented in the reaction  
CH3NC (g) → CH3CN (g)             The graphs reflect a single set of reaction rate data plotted in three different ways, where the concentration of the CH3NC is proportional to the partial pressure in torr. Given this provided information, what are the order of the reaction and the approximate value of the rate law constant k (with correct units)?  A. First order with respect to [CH3NC], k ⋍ 5 x 10–5 s–1  B. Second order with respect to [CH3NC], k ⋍ 5 x 10–5 M–1*s–1 
  C. First order with respect to [CH3NC], k ⋍ 1.7 x 10–4 s–1      D.  Zeroth order with respect to [CH3NC], k ⋍ 1 x 10–3 M*s–1 
 ________2. BI4Kin-A2. At elevated temperatures, hydrogen iodide (HI) decomposes into hydrogen (H2) & iodine (I2), represented by HI(g) → ½ H2(g) + ½ I2(g). The reaction may involve a catalyst. The graphs reflect a single set of reaction rate data plotted in two different ways: the inverse of the HI concentration vs. time & the natural log of the HI concentration vs. time. Given the provided information, what is the order of the reaction, and what does that order suggest is happening at the molecular level to make the reaction occur? 
 A. The reaction is first order with respect to HI, and since HI is the only reactant, the overall   reaction is first order as well. This suggests that the rate-determining step may involve a single HI molecule breaking apart. 
 B. The reaction is second order with respect to HI, and since HI is the only reactant, the overall reaction is second order as well. This   suggests that the rate-determining step may involve a collision between two HI molecules. 
 C. The reaction is first order with respect to HI. This suggests that the reaction mechanism may involve a multi-step process with an   initial slow step involving a single HI molecule. 
 D. The reaction is second order with respect to HI. This suggests that a single HI molecule may collide with the surface of a catalyst in   the rate-determining step for this reaction. 
 ________3. BI4Kin-A3. A commonly used chemistry demonstration involves a “clock reaction” that dramatically changes color after a certain  amount of time. One common clock reaction is based on the slow reaction between peroxodisulfate (S2O82–) and iodide (I–) ions, as represented by reaction 1 below. Starch forms a dark blue complex with the I3– ion and is used as an indicator. The clock-reaction effect is created by including a measured amount of 0.05 M thiosulfate (S2O32–) in the solution. The thiosulfate consumes the I3– ions as quickly as they are formed. This process is represented by reaction 2 below. Once all of the thiosulfate ions are used up, the colorless solution suddenly turns dark blue.   Reaction 1: S2O82– (aq) + 3I–(aq) → 2SO42–(aq) + I3–(aq)   (slow)   Reaction 2: 2S2O32– (aq) + I3–(aq) → S4O62–(aq) + 3I–(aq)  (fast) The data in the table were gathered to establish an experimental rate law for the reaction. Each trial used 20 mL each of S2O82– and I– solution. Which of the following describes the data analysis steps needed to establish the experimental rate law, rate = k[S2O82–]x[I–]y  ? 
 A. Compute the number of moles of S2O32– used, and use that computation to determine the number of moles of S2O82– consumed.   Multiply the time by the number of moles of S2O82– consumed, in order to establish the rate, and then use the rate law to find k. 
 B. Compute the number of moles of S2O82– consumed in each trial, by multiplying the molarity by the volume used. Divide the time by   the number of moles of S2O82– consumed, in order to establish the rate, and then use the rate law to find k. 
   C. Compare trials to determine the exponents x & y in the rate law. Create 3 graphs ([S2O82–] vs. time, ln[S2O82–] vs. time, and 1/ [S2O82–]     vs. time), using the data in the table, and then use the slope of the graph that is linear to find k. 
   D. Compare trials to determine the exponents x and y. Then, for one trial, compute the number of moles/liter of S2O32– used, and use  that computation to determine the number of moles/liter of S2O82– consumed. Divide that molar concentration by the time for that trial, in order to establish the rate, and then use the rate law to find k. 

 ________4. BI4Kin-A4. Students are investigating the rate of color loss when FD&C Blue Dye #1 (BD-1) is oxidized by a bleach solution. They use a spectrophotometer to measure the absorbance of several samples with different known molarities of BD-1 at 630 nm, as shown in the graph. To obtain the rate data, the students mix a solution of BD-1 & bleach, then again use the spectrophotometer, measure the absorbance of the solution and record it every 30 seconds. They then generate the graph to analyze the rate data collected. Which of the following statements best summarizes why the absorbance vs. concentration graph is needed to analyze the rate data in this experiment? 
   A. The graph is needed to show that the spectrophotometer is working correctly, which is indicated by data that    are linear and can be fit by Beer’s law. 
   B. The slope of the line confirms the accuracy of the concentration of the dye in the standard solutions used in the experiment, by     showing that the data match the line predicted by the Beer’s law equation. 
   C. The slope of the line provides the value for a•b in the Beer’s law equation. This value makes it possible to compute the     concentration of BD-1 for each absorbance measurement during the reaction rate trial. 
   D. The graph is needed to determine the value of the variable c in the Beer’s law equation. This value can     then be used to find the change in the concentration of BD-1 over time. 

 B: Energy Profiles Quiz  ________5. BI4Kin-B1. The potential energy profile to the right shows two reaction pathways for the same overall   reaction. Which of the following best matches the information provided in the potential energy profile? 

Trial # [S2O82–] [I–] S2O32– solution Time 
1 0.16 M 0.16 M 10 mL 18 s 
2 0.16 M 0.08 M 10 mL 36 s 
3 0.08 M 0.16 M 10 mL 36 s 
4 0.16 M 0.16 M 5 mL 9 s 
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 A. The upper curve indicates that the reaction starts at a slow rate before reaching the peak and then goes rapidly once it passes the  peak, and the lower curve indicates that the reaction starts at a fast rate and then varies in speed as the reaction proceeds. Both reaction pathways are exothermic and occur at the same overall rate. 
 B. The upper curve represents an uncatalyzed reaction, & the lower curve represents the reaction pathway created by the addition of a   catalyst that speeds up the reaction by enabling three steps with smaller differences in potential energy. 
 C. The upper curve represents a slower reaction pathway than the lower curve because the overall reaction rate is determined by the  highest peak on the curve, and the lower curve represents a three-step reaction pathway. The last of the three steps of the lower curve starts with the lowest potential energy and will be the rate-determining step. 
 D. The upper curve represents a faster reaction pathway than the lower curve because the lower curve has more steps, and each step   adds time to the overall process. 
 ________6. BI4Kin-B2. Which of the following statements best matches the information provided in the potential    energy profile shown to the right? 
 A. The reaction proceeds in 3 steps with the 1st step as rate-determining because the difference between  the bottom and the top of the peak is the greatest of the 3 steps, indicating that this step is the slowest step in the overall reaction. 
 B. The reaction proceeds in 3 steps, alternating between endothermic & exothermic reactions, but the   2nd step has the smallest activation energy in either direction, so it is the rate-determining step. 
 C. The reaction proceeds in 3 steps with the last step as rate-determining because the overall reaction is endothermic. 
 D. The reaction is endothermic and proceeds in 3 steps with the 3rd step as rate-determining because the third peak is higher than the   other two peaks. 
 ________7. BI4Kin-B3. A spark placed near a mixture of fuel and oxygen at room temperature can transform the reaction from an extremely    slow exothermic reaction into a significantly faster reaction. Which of the following best explains how a spark can transform this reaction? 
 A. The spark increases the average kinetic energy and speed of the fuel molecules and the oxygen molecules to create a small, hot  region, resulting in a rapid mixing of the molecules and a higher rate of collision between them, and increasing the rate of the reaction. As energy is given off in the reaction, the small, hot region created by the spark spreads outward, and the number of collisions between the molecules increases exponentially. 
 B. The spark increases the average kinetic energy of the fuel molecules and the oxygen molecules to create a small, hot region,  resulting in the molecules colliding with enough energy to break bonds, and transforming stable molecules into fragments that react quickly. Since the reaction is exothermic, each successful collision adds to the average kinetic energy, & the initial high-temperature region rapidly spreads outward via high-energy collisions throughout the mixture. 
 C. The energy in the spark creates a small area of high pressure that forces the fuel molecules and the oxygen molecules closer  together, resulting in an increased number of collisions between them. As the molecules react in this area of high pressure, the energy given off by the exothermic reaction creates a pressure wave that spreads outward, increasing the number of collisions in a larger and larger region, and causing an exponential increase in the reaction rate. 
 D. The energy in the spark causes the fuel in a small area to break apart into tiny droplets, increasing its surface area, which increases  the number of collisions between the fuel molecules and the oxygen molecules, resulting in a higher rate of reaction. The heat given off by the exothermic reaction produces convection currents and creates an even greater surface area, leading to a runaway reaction. 
 ________8. BI4Kin-B4. The graph on the left shows the PE profile for a reaction that goes to  equilibrium. The graph on the right shows the KE distributions for a sample of the reactants and the products of the reaction at two different temperatures where T2 > T1 . The forward & reverse reactions’ activation energies (Ea) are also labeled on this graph. Based on the information in the two graphs, how will an increase in temperature from T1 to T2 affect the rates of the forward reaction and the reverse reaction at equilibrium? 
 A. The KE graph shows almost no difference between the number of molecules that have the necessary energy (Ea) to react at T1 & at T2. The activation energy required for the reverse reaction is greater than for the forward reaction, but since so few molecules have enough energy to react, the rates of the forward reaction and the reverse reaction will change equally. 
 B. The KE graph shows that more molecules have the necessary energy (Ea) to react at T2, so both reactions will be faster at T2. The  forward reaction has a greater activation energy than the reverse reaction, so the rate of the forward reaction will increase more than the rate of the reverse reaction. 
 C. The KE graph shows that more molecules have the necessary energy (Ea) to react at T2, so both reactions will be faster at T2. The  reverse reaction has a greater activation energy than the forward reaction, so the rate of the reverse reaction will increase more than the rate of the forward reaction. D. The KE graph shows almost no difference between the number of molecules that have the necessary energy (Ea) to  react at T1 and at T2. Thus, even though the forward reaction has a greater activation energy than the reverse reaction, there will be very little increase in the two rates, and the two rates will change equally. 
    C: Reaction Mechanisms Quiz  ________9. BI4Kin-C1. 2 NO2 (g) + F2 (g) → 2NO2F (g)      The reaction is both first order with respect to NO2 and with respect to F2. Which of the   following shows and explains a reaction mechanism that is probable for this reaction? 
   A. 2 NO2 (g) + F2 (g) → 2NO2F (g)  The reaction occurs in a single step, and the concentrations of the reactants, not the  
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   coefficients of the reactants, determine the overall order of the experimental rate law. 
   B. Step 1: NO2 (g) + F2 (g) → NO2F (g) + F (g) (slow)  Step 2: NO2 (g) + F (g) → NO2F (g) (fast) The reaction occurs in     two steps, and the coefficients of the slower, rate-determining step are used to determine the experimental rate law. 
   C. 2 NO2 (g) + F2 (g) → 2NO2F (g)   The reaction occurs in a single step, and the coefficients of the products in the balanced equation determine the overall order of the experimental rate law. 
   D. Step 1: NO2 (g) + F2 (g) → NO2F (g) + F (g) (fast)  Step 2: NO2 (g) + F (g) → NO2F (g) (slow)     The reaction occurs in 2 steps, and the coefficients of the faster step are used to determine the experimental rate law.  ________10. BI4Kin-C2. The table shows some initial rate data for the reaction  (CH3)3CBr(aq) + OH–(aq) ⇌ (CH3)3COH (aq) + Br–(aq)  Based on this information, which of the following proposed mechanisms matches the experimental data?  
   A. (CH3)3CBr + OH– → (CH3)3COH + Br–  
   C. Step 1: (CH3)3CBr ⇌ (CH3)3C+ + Br– (fast)    Step 2: (CH3)3C+ + H2O ⇌ (CH3)3COH2+ (fast)    Step 3: (CH3)3COH2+ + OH– ⇌ (CH3)3COH + H2O (slow) 
 

  B. Step 1: (CH3)3CBr → (CH3)2C=CH2 + H+ + Br– (fast) 
       Step 2: (CH3)3C=CH2 + OH– + H+ ⇌ (CH3)3COH (slow) 
   D. Step 1: (CH3)3CBr ⇌ (CH3)3C+ + Br– (slow)    Step 2: (CH3)3C+ + OH– → (CH3)3COH (fast) 

 ________11. BI4Kin-C3. 2H2O2(aq) → 2H2O(I) + O2(g)  A chemist determines that hydrogen peroxide (H2O2) decomposes at a very slow rate in water, as represented by the equation above, but decomposes relatively quickly in the presence of aqueous iodide (I–), which acts as a catalyst. The chemist also measures the change in concentration of H2O2 with a large excess of over time, as shown in the graph. The chemist determines experimentally that the overall reaction rate is second order. Based on the graph on the next page, which proposed mechanism is consistent with the data for the catalyzed decomposition of H2O2? 
   A. Step 1: 2H2O2(aq) + I–(aq) → IOO–(aq)+ 2H2O(l) (slow) rate = k[H2O2]2[I–]    Step 2: IOO–(aq) → I–(aq) + O2(g) (fast) 
 

  B. Step 1: 2H2O2(aq) –   O(aq)+ H2O(l) (slow)  rate = k[H2O2] 
   Step 2: H2O2(aq) + O(aq)  –  O2(g) + H2O(l) (fast) 
   C. Step 1: H2O2(aq) + I–(aq) → IO–(aq) + H2O(l) (slow)  rate = k[H2O2]2[I–]    Step 2: H2O2(aq) + IO–(aq) → I–(aq) + H2O(l) + O2(g) (fast) 
   D. Step 1: 2H2O2 (aq) → O2(g) + 2H2O(l) rate = k[H2O2]2 

 D: Catalyzed Pathways and Energy Diagrams Quiz  ________12. BI4Kin-D1.  The enthalpy diagram shows the energy profiles for 2 different reaction pathways (I & II) for the decomposition of ozone (O3) in the stratosphere. The lower reaction pathway (II) shows the catalyzing effect that chlorine atoms, primarily from manmade sources, have on the reaction. Which set of reaction mechanisms is consistent with the information given in the enthalpy diagram?    A. Uncatalyzed: O3(g) + O(g) → 2 O2(g)   
   Catalyzed: O3(g) + O(g)  →  2 O2(g) 
   B. Uncatalyzed: O3(g) + O(g) → 2 O2(g)      Catalyzed: Step 1: O3(g) + Cl(g) → ClO(g) + O2(g) (slow)                  Step 2: ClO(g) + O(g) → O2(g) + Cl(g) (fast) 
  

C. Uncatalyzed: Step 1: O3(g) → O2(g) + O(g) (slow)                    Step 2: O(g) + O(g) → O2(g) (fast) 
 Catalyzed: O3(g) + O(g)  →  2 O2(g) 
 D. Uncatalyzed: O3(g) + O(g) → 2 O2(g)  Catalyzed: Step 1: O3(g) + Cl(g) → ClO(g) + O2(g) (fast)              Step 2: ClO(g) + O(g) → O2(g) + Cl(g) (slow)

________13. BI4Kin-D2. C2H4(g) + H2(g) →  C2H6(g) + energy    Platinum (Pt) catalyzes the hydrogenation of ethene (C2H4) to produce ethane (C2H6), as represented in the reaction above. The diagrams show two different hypothetical mechanisms for how Pt works as a catalyst & an energy diagram representing the catalyzed and uncatalyzed reaction pathways. Which of the following statements correctly identifies which reaction mechanism is most likely and correctly explains why? 
 A. Mechanism 1 is most likely, because the platinum catalyst holds the H2 and C2H4 molecules close to the surface of the Pt, which   increases the number of collisions, as shown by the multiple peaks on the lower curve in the graph. 
 B. Mechanism 2 is most likely, because the platinum catalyst orients and speeds up the H2 molecules so that there are more collisions   with the C2H4 molecules, as shown by the multiple peaks on the lower curve in the graph. 
 C. Mechanism 1 is most likely, because the platinum catalyst helps to break bonds in the H2 and C2H4 molecules, which creates a new   multi-step reaction pathway with a lower activation energy, as shown by the lower curve in the graph. 
 D. Mechanism 2 is most likely, because the platinum catalyst does not react with the H2 and C2H4 molecules, but creates a new multi- 

Trial # [(CH3)3CBr] [OH–] Initial Reaction Rate 
1 0.10 M 0.10 M 1.0 x 10–6 M/s 
2 0.20 M 0.10 M 2.0 x 10–6 M/s 
3 0.10 M 0.20 M 1.0 x 10–6 M/s 
4 0.20 M 0.20 M 2.0 x 10–6 M/s 
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 step reaction pathway with a lower activation energy, as shown by the lower curve in the graph. 
 ________14. BI4Kin-D3. Some reactions, such as combustion in the presence of oxygen, can be catalyzed by  different substances. The diagram shows the potential energy change for an uncatalyzed reaction & the net potential energy changes associated with two catalysts, X and Y. As part of an investigation into catalysts, both catalyst X and catalyst Y are added to the reactants, and the mixture is heated until the reaction proceeds to completion. Which statement best describes how the pathways are used to form the products? 
 A. The pathway created by catalyst Y has the lowest activation energy. All of the products will  result from this pathway because the reactants do not have sufficient energy to overcome the activation energies required for the other pathways. 
 B. The reaction will only follow the two catalyzed pathways. Most of the products will result from the pathway created by catalyst Y   because a greater portion of reactant particles will possess the lower activation energy required by this pathway. 
 C. The reaction will follow only the pathway created by catalyst Y until all of catalyst Y is used up; then the reaction will follow the  pathway created by catalyst X until all of catalyst X is used up; and then the reaction will follow the uncatalyzed pathway until all of the reactants are converted to products. 
 D. All three reaction pathways will be followed, but the majority of the products will result from the pathway created by catalyst Y,  and of the remainder, most will result from the pathway created by catalyst X, with very little of the products resulting from the uncatalyzed pathway. 
 ________15. BI4Kin-D4. A scientist decomposes sodium hypochlorite (NaClO) in a basic solution, using an apparatus that allows her to measure  the amount of oxygen gas produced over time. For trial 1 and trial 2, all conditions are kept the same, except for the addition of cobalt(II) oxide as a catalyst in trial 2, as shown below. 
   Trial 1: 2ClO–(aq) °C,OH– 2Cl–(aq)+ O2(g)  Trial 2: 2ClO–(aq) °C,OH–,  2Cl–(aq)+ O2(g) Assuming that both reactions go to equilibrium and that atmospheric pressure remains constant, and given that r represents the reaction rates at equilibrium and V is the volume of O2 measured at equilibrium, which of the following shows how the results for these two trials compare to each other? 
   A. rforward, trial 2 > rforward, trial 1  rreverse, trial 2 < rreverse, trial 1   B. rreverse, trial 2 > rreverse, trial 1 Vo2, trial 1< Vo2, trial 2 
   C. rforward, trial 2 > rforward, trial 1 rreverse, trial 2 = rreverse, trial 1  D. rforward, trial 2 > rforward, trial 1 Vo2, trial 2 = Vo2, trial 1  


