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5.1 MC Questions
1. 				     
		

								        2NO (g)  +    O2 (g)        2NO2 (g)

	 The oxidation of  NO (g) producing NO2 g) is represented by the chemical equation shown 		
	 above.

	 The initial concentrations of NO (g) and O2 (g)  are given in the table above. The changes in 		
	 the concentration of NO (g) as a function of time are shown in the following graph.

Which graph best represents the changes in concentration of O2(g) , and why?

	 A	 Graph 1, because the rate of  O2 consumption is half the rate at which NO is 
		  consumed; two molecules of NO react for each molecule of O2 that reacts.

	 B	 Graph 1, because O2 molecules are consumed at a slower rate at the beginning of the 	
		  reaction when there are not as many molecules of NO2 produced.

	 C	 Graph 2, because there is a large excess of O2 molecules and its concentration will 		
		  not change drastically over time.

	 D	 Graph 2, because a collision between three molecules to form a product has a low 		
		  probability and the concentration of O2  will remain relatively constant.

O
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2. 				     
			   CaCO3(s)   +    2H+

(aq)     Ca2+
(aq)   +   H2O(l)   +   CO2(g)

Experiment Initial Mass of CaCO3(s)
(grams)

Initial Concentration of 
H+

(aq)  (M)
Initial Temperature

( °C )

1 5.00 1.0 25.0

2 5.00 2.0 25.0

	 The initial rate of formation of CO2(g) from the chemical reaction represented by the 
	 equation above was studied in two separate experiments. 

	 The table above provides the experimental conditions used. If both experiments are carried 	
	 out with finely powdered samples of the solid and 50.0mL of HCl(aq), which experiment, if 	
	 any, will have the faster initial rate of formation of CO2(g) and why?

	 A	 The rate of formation of  CO2(g)  will be the same because the mass of  CaCO3(s)
  		  and the volume of  HCl(aq)  used will be the same in both experiments.

	 B	 The rate of formation of  CO2(g) will be the same because the surface area of the solid 	
		  and the average kinetic energy of the particles will be the same in both experiments.

	 C	 CO2(g)  will be formed at a faster rate in experiment 2 because more  H+  particles can 	
		  react per unit time.

	 D	 CO2(g)  will be formed at a faster rate in experiment 1 because the proportion of  		
		  CaCO3(s)  particles to  H+  particles will be greater.

3.	 When the chemical reaction    2NO(g)   +   O2(g)   →   2NO2(g)    is carried out under certain 		
	 conditions, the rate of disappearance of NO(g) is 5.0×10−5 Ms−1. 

	 What is the rate of disappearance of O2(g) under the same conditions?

	 A	 Because two molecules of  NO  are consumed per molecule of  O2 , the rate of 
		  disappearance of  O2(g)  is  2.5 × 10−5 Ms−1 .

	 B	 Because two molecules of  NO  are consumed per molecule of  O2 , the rate of 
		  disappearance of  O2(g)  is  1.0 × 10−4 Ms−1 .

	 C	 Because the rate depends on  [NO]2  and  [O2] , the rate of disappearance of  O2(g)  
		  is  2.5 × 10−9 Ms−1 .

	 D	 Because the O2(g) is under the same experimental conditions as  NO , it is consumed 	
		  at the same rate of  5.0 × 10−5 Ms−1 .

O
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4. 				     
			   C2H4(g)   +    H2(g)        C2H6(g)

	 Which of the following will most likely increase the rate of the reaction represented above?

	 A	 Decreasing the temperature of the reaction system

	 B	 Adding a heterogeneous catalyst to the reaction system

	 C	 Increasing the volume of the reaction vessel using a piston

	 D	 Removing some H2(g) from the reaction system

5.			   C2H4(g)   +    H2(g)        C2H6(g)

	 C2H4(g) is reduced by H2(g) in the presence of a solid platinum catalyst, as represented by the 	
	 equation above. 

	 Factors that could affect the rate of the reaction include which of the following?

		  I	 Changes in the partial pressure of H2(g)

		  II	 Changes in the particle size of the platinum catalyst
		  III	 Changes in the temperature of the reaction system

	 A   III only	 B   I and II only	 C   I and III only	 D   II and III only	 E   I , II and III

6.		  5 H2O2(aq) + 2 MnO4
-
(aq) + 6 H+

(aq) → 2 Mn2+
(aq) + 8 H2O(l) + 5 O2(g)

	 In a titration experiment, H2O2(aq) reacts with aqueous MnO4
-
(aq) as represented by the 		

	 equation above. The dark purple KMnO4 solution is added from a buret to a 
	 colorless, acidified solution of H2O2(aq) in an Erlenmeyer flask. 

	 At a certain time during the titration, the rate of appearance of O2(g) was 
	 1.0 x 10-3 mol L-1 s-1 . What was the rate of disappearance of MnO4

- at the same time?

	 A	 6.0 x 10-3 mol L-1 s-1

	 B	 4.0 x 10-3 mol L-1 s-1

	 C	 6.0 x 10-4 mol L-1 s-1

	 D	 4.0 x 10-4 mol L-1 s-1

O

O
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7. 	 A kinetics experiment is set up to collect the gas that is generated when a sample of chalk, 		
	 consisting primarily of solid CaCO3, is added to a solution of ethanoic acid, CH3COOH. 

	 The rate of reaction between CaCO3 and CH3COOH is determined by measuring the 
	 volume of gas generated at 22 °C and 1 atm as a function of time. 

	 Which of the following experimental conditions is most likely to increase the rate of gas 		
	 production?

	 A	 Decreasing the volume of ethanoic acid solution used in the experiment

	 B	 Decreasing the concentration of the ethanoic acid solution used in the experiment

	 C	 Decreasing the temperature at which the experiment is performed

	 D	 Decreasing the particle size of the CaCO3 by grinding it into a fine powder

8.	 A 0.35 g sample of Li(s) is placed in an Erlenmeyer flask containing 100 mL of water at 		
	 25 °C. A balloon is placed over the mouth of the flask to collect the hydrogen gas that is 		
	 generated. 

	 Which of the following changes will most likely increase the rate of reaction between Li(s) 		
	 and water?

	 A	 Using 125 mL of water instead of 100 mL

	 B	 Using a 0.25 g sample of Li(s) instead of a 0.35 g sample

	 C	 Using a 0.35 g sample of Li(s) cut into small pieces

	 D	 Decreasing the water temperature before adding the Li(s)

9.	 Relatively slow rates of chemical reaction are associated with which of the following? 

	 A	 The presence of a catalyst

	 B	 High temperature

	 C	 High concentration of reactants

	 D	 Strong bonds in reactant molecules

	 E	 Low activation energy

O

O
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10. 	

	 Two samples of Mg(s) of equal mass were placed in equal amounts of HCl(aq) contained in 		
	 two separate reaction vessels. 

	 Particle representations of the mixing of Mg(s) and HCl(aq) in the two reaction vessels are 		
	 shown in Figure 1 and Figure 2 above. Water molecules are not included in the particle 
	 representations. 

	 Which of the reactions will initially proceed faster, and why?

	 A	 The reaction in Figure 1, because the atoms of Mg are more concentrated than those 	
		  in Figure 2

	 B	 The reaction in Figure 1, because the Mg(s) in Figure 1 has a larger mass than the 		
		  Mg(s) in Figure 2

	 C	 The reaction in Figure 2, because more Mg atoms are more exposed to HCI(aq) in 		
		  Figure 2 than in Figure 1

	 D	 The reaction in Figure 2, because the Mg(s) in Figure 2 has less surface area than the 		
		  Mg(s) in Figure 1

O
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5.2 MC Questions
1. 	 An experiment was conducted to determine the rate law for the reaction .

				    A2 (g)      +       B (g)            A2B (g)

	

	 The table above shows the data collected. Based on the data in the table, which statement is
	 correct?

	 A	 Since the rate law can be expressed as rate = k [A2 ] 2 , tripling the concentration of 		
		  A2 will cause a 9-fold increase in the rate of the reaction.

	 B	 Since the rate law can be expressed as rate = k [A2 ] [B] , doubling the concentrations 	
		  of A2 and B will quadruple the rate of the reaction.

	 C	 Since the rate law can be expressed as rate = k [A2 ] 2 [B]  , tripling the concentration 	
		  of A2  while keeping the concentration of B  constant will triple the rate of the 			
		  reaction.

	 D	 Since the rate law can be expressed as rate = k [A2 ]
 [B] 2 , doubling the concentration 	

		  of B while keeping the concentration of A2  constant will double the rate of the 
		  reaction.

2.			   S2O8
2-

(aq)   +    3I-
(aq)     2SO4

2-
(aq)   +   I3

-
(aq)

	 In aqueous solution, the reaction represented by the balanced equation shown above has 		
	 the experimentally determined rate law: rate = k [ S2O8

2
 ]  [ I-]

	 If the concentration of [S2O8
2-] is doubled while keeping [ I- ] constant,				    

	 A	 The rate of reaction will remain the same, because k will decrease by half.

	 B	 The rate of reaction will double, because the rate is directly proportional to [ S2O8
2

 ].

	 C	 The rate of reaction will increase by a factor of four, because two moles of SO4
2-

		  are produced for each mole of S2O8
2- consumed.

	 D	 The rate of reaction will increase by a factor of four, because the reaction is second 		
		  order overall.

O

O
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3.		  2 NO(g)        +       Cl2 (g)	      2 NOCl(g) 	

	 The initial rates of the reaction represented by the equation shown above were measured 		
	 for different initial concentrations of NO(g)  and Cl2 (g) . Based on the data given in 
	 the table above, which of the following is the rate law expression for the reaction, and why?

	 A	 rate = k [ NO ]
2  , 		  because the initial rate quadrupled when [ NO ] was 

						      doubled but remained constant when [ Cl2 ] was doubled.

	 B	 rate = k [ NO ][ Cl2 ]  , 	 because the initial rate doubled when either [ NO ] or
						      [ Cl2 ] was doubled.

	 C	 rate = k [ NO ][ Cl2 ]
2  , 	 because the initial rate doubled when [ NO ] was doubled 		

						      and was quadrupled when [ Cl2 ] was doubled.

	 D	 rate = k [ NO ]
2[ Cl2 ]  , 	 because the initial rate quadrupled when [ NO ] was 

						      doubled and doubled when [ Cl2 ] was doubled.

4.	 The rate law for the reaction of nitrogen dioxide and chlorine is found to be 
	 rate = k [NO2]

2[Cl2]. 

	 By what factor does the rate of the reaction change when the concentrations of both NO2 		
	 and Cl2 are doubled?

	 A	 2

	 B	 3

	 C	 4

	 D	 6

	 E	 8

O

O
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5.		   	

	 The initial-rate data in the table above were obtained for the reaction represented below. 

			   2 NO(g)        +       O2 (g)	      2 NO2(g)

	 What is the experimental rate law for the reaction?

	 A	 rate = k [ NO ][ O2 ]   

	 B	 rate = k [ NO ][ O2 ]
2 

	 C	 rate = k [ NO ]
2[ O2 ]  

	 D	 rate = k [ NO ]
2[ O2 ]

2  

	 E	 rate = k [ NO ] / [ O2 ]  

6.	

	 The table above shows the results from a rate study of the reaction X + Y → Z. 

	 Starting with known concentrations of X and Y in experiment 1, the rate of formation of Z 	
	 was measured. If the reaction was first order with respect to X and second order with 
	 respect to Y, the initial rate of formation of Z in experiment 2 would be

	 A	 R / 4

	 B	 R / 2

	 C	 R

	 D	 2R

	 E	 4R

O

O
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7.		   	 Rate = k[M][N]2

	 The rate of a certain chemical reaction between substances M and N obeys the rate law 		
	 above. 

	 The reaction is first studied with [M] and [N] each 1 x 10-3 M. If a new experiment is 
	 conducted with [M] and [N] each 2 x 10-3 M, the reaction rate will increase by a factor of

	 A	 2 		  B	 4		  C	 6		  D	 8		  A	 16  

8.	

	 The data in the table above were obtained for the reaction X + Y → Z. Which of the 
	 following is the rate law for the reaction?

	 A	 Rate = k[X]2			  B	 Rate = k[Y]2			  C	 Rate = k[X][Y]

	 D	 Rate = k[X]2[Y]		  E	 Rate = k[X][Y]2

9. 		  H3AsO4    +    3 I–    +    2 H3O
+    →    H3AsO3    +    I3

–    +    H2O

	 The oxidation of iodide ions by arsenic acid in acidic aqueous solution occurs according to 	
	 the stoichiometry shown above. The experimental rate law of the reaction is:

			   Rate = k[H3AsO4] [I–] [H3O
+]

 	 What is the order of the reaction with respect to I–?

	 A	 1 		  B	 2		  C	 3		  D	 5		  A	 6  

O

O

O
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5.3 MC Questions
1.	
						      The graph opposite shows the results of a study of the reaction 	
						      of X with a large excess of Y to yield Z. 

						      The concentrations of X and Y were measured over a period of 	
						      time. According to the results,which of the following can be 		
						      concluded about the rate law for the reaction under the 
						      conditions studied?
							     
							       A	 It is zero order in [X].

							       B	 It is first order in [X].

							       C	 It is second order in [X].

							       D	 It is first order in [Y].

2.	 If 87.5 percent of a sample of pure 131I decays in 24 days, what is the half-life of 131I?

		  A	 4 days		 B	 6 days		 C	 8 days		 D	 12 days

3.	 If the oxygen isotope 20O has a half-life of 15 seconds, what fraction of a sample of
	 pure 20O remains after 1.0 minute?

		  A	 1/2		  B	 1/4		  C	  
1/8	 	 D	 1/16

4.	 Gaseous cyclobutene undergoes a first-order reaction to form gaseous butadiene. 
	 At a particular temperature, the partial pressure of cyclobutene in the reaction vessel 
	 drops to one-eighth its original value in 124 seconds. What is the half-life for this reaction 	
	 at this temperature?

		  A	 15.5 sec	 B	 31.0 sec	 C	 41.3 sec	 D	 62.0 sec

5.	 The reaction between violet C25H30N3
+ (aq) and OH-

(aq) is first order with respect to
	 C25H30N3

+ (aq) in the presence of excess OH-
(aq). A sample of the reaction mixture is placed in 	

	 a spectrophotometer, and the progress of the reaction is measured. The data are given in 		
	 the table below.

	

	 Approximately how long did it take for 75 percent of the initial amount of C25H30N3
+ (aq) 

	 to react?

		  A	 75 s		  B	 225 s		  C	 300 s		  D	 600 s	

O

O

O
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6.	 A sample of N2O5 was placed in an evacuated container, and a decompostion reaction 
	 occurred. The value of PN2O5

 , the partial pressure of N2O5(g), was measured during the 
	 reaction and recorded in the table below.
	
	

	 Which of the following correctly describes the reaction?

		  A	 The decomposition of N2O5 is a zero-order reaction.		

		  B	 The decomposition of N2O5 is a first-order reaction.		

		  C	 The decomposition of N2O5 is a second-order reaction.	

		  D	 The overall reaction order is 3.

7. 								        2 HO2 (g)      2 H2O2 (g)   +   O2 (g)        

								        The reaction represented by the chemical 		
								        equation shown above involves a 
								        hydroperoxyl radical and occurs in Earth’s 		
								        atmosphere. 

								        In an experiment, [HO2] was monitored over 	
								        time and the data plotted as shown in the 
								        graph opposite.
	

	 Based on the information, which of the following is the rate law expression for the 
	 reaction?

	 A	 rate = k

	 B	 rate = k [HO2 ] 

	 C	 rate = k [HO2 ] 2

	 D	 rate = k [HO2 ]
 [O2]

 

O

O
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8. 	 The rate constant (k ) for the decay of the radioactive isotope I-131 is 3.6 x 10-3 hours . 
	 The slope of which of the following graphs is correct for the decay and could be used to 		
	 confirm the value of k ?
	

	 A	 						      B

	      	         

	 C							       D

	   

ln

	         	

9. 	 H2O2 (l)       H2O (l)   +   ½ O2 (g)  	 Hydrogen peroxide decomposes to produce 		
								        water and oxygen according to the equation 		
								        above. 
		

								        An experimentally determined graph for the 		
								        first-order decomposition of hydrogen 
								        peroxide is provided opposite.  

								        Which of the following best identifies the rate 	
								        constant k for the reaction based on the 
								        information in the plot of ln[H2O2 ]versus 		
								        time (t ) ?   

	 	 A	 k = ln[H2O2 ] at t = 0 s		  B	 k = ln[H2O2 ] at t = 500 s 

		  C	 k = - (slope of graph)		  D	 k = 1 / (slope of graph)

O

O
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10. 			   X → products

	 Pure substance X decomposes according to the equation above. Which of the following 		
	 graphs indicates that the rate of decomposition is second order in X ?
	

	 A	 						      B

	      	         

	 C							       D

	     		 	

11.	 The isomerisation of cyclopropane to propylene is a first-order process with a half-life of 
	 19 minutes at 500 °C. The time it takes for the partial pressure of cyclopropane to decrease 	
	 from 1.0 atmosphere to 0.125 atmosphere at 500 °C is closest to

		  A	 38 min	 B	 57 min	 C	 76 min	 D	 152 min

12.	 The half-life of 55Cr is about 2.0 hours. The delivery of a sample of this isotope from the 		
	 reactor to a certain laboratory requires 12 hours. About what mass of such material should 	
	 be shipped in order that 1.0 mg of 55Cr is delivered to the laboratory?

		  A	 130 mg	 B	 64 mg		 C	 32 mg		 D	 11 mg

O

O

O
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13.	 					     Consider the reaction represented by the equation 

							       2 X    +    2 Z            X2Z2 

						      During a reaction in which a large excess of reactant X was 	
						      present, the concentration of reactant Z was monitored 		
						      over time. 

						      A plot of the natural logarithm of the concentration of Z 		
						      versus time is shown in the figure oposite. 

						      The  order of the reaction with respect to reactant Z is
	
	 A   zero-order	 B   first-order	 C   second-order	 D   third-orderO
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5.3 FRQ

1.	 Dinitrogen pentoxide is the unstable anhydride of nitric acid that decomposes by first-order 
	 kinetics into nitrogen dioxide and oxygen gas, as shown below:

		  2 N2O5(g)	 	 4 NO2(g)    +     O2(g) 		 Rate = k[N2O5]		

	 The rate constant for the reaction is 6.22 × 10–4 s–1 at 45°C. 

	 a)	 If the initial concentration of N2O5 is 0.500 mol l-1, how long will it take for the 
		  concentration to drop to 0.0500 mol l-1 ?

			   ln[A]t  -  ln[A]0  =  - kt		  ln(0.050)  -  ln(0.500)  =  - 6.22 x 10-4 t

			   -3.0  - (-0.69)  =  - 6.22 x 10-4 t

			   -2.31    =  - 6.22 x 10-4 t		  -2.31/- 6.22 x 10-4    =   t = 3714 s

	 b)	 The same reaction was then carried out at a different temperature. What is the new rate 		
		  constant if the initial concentration of N2O5 is 0.300 mol l-1 if, after 158 s, the concentration 	
		  is 0.200 mol l-1 ?

			   ln[A]t  -  ln[A]0  =  - kt		  ln(0.200)  -  ln(0.300)  =  - k 158

			   -1.61  - (-1.21)  =  - k 158

			   -0.40  =  - k 158			   -0.40 / -158   =   k = 2.53 x 10-3 s-1

	 c)	 Is the temperature in b) higher or lower than 45°C ?  Justify your answer.

		  the rate constant has increased (reaction is faster) so the temperature is higher

2.	 The decomposition of a certain insecticide in water at 12 °C follows first-order kinetics with a rate 	
	 constant of 1.45 yr-1 . A quantity of this insecticide is washed into a lake on June 1, leading to a 		
	 concentration of 5.0 x 10-7  g/cm3. Assume that the average temperature of the lake is 12 °C.
	

	   a)	 What is the concentration of the insecticide on June 1 of the following year? 

			   ln[A]t  -  ln[A]0  =  - kt		  ln[A]t  -  ln(5.0 x 10-7)  =  - 1.45  x 1 (1 year)

			   ln[A]t  + 14.51  =  - 1.45  		  ln[A]t  =  - 1.45 -14.51 = -15.96

			   [A]t  =  e(-15.96)  =  1.17 x 10-7 g/cm3

	

	 b) 	 How long will it take for the insecticide concentration to decrease to 3.0 x 10-7  g/cm3 ?

			   ln[A]t  -  ln[A]0  =  - kt		  ln(3.0 x 10-7)  -  ln(5.0 x 10-7)  =  - 1.45 t

			   -15.02  - (-14.51)  =  - 1.45 t

			   -0.51    =  - 1.45 t			   -0.51/- 1.45     =   t = 0.35 year
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3.	 The ammonium salt of isocyanic acid is a product of the decomposition of urea, 			 
	 CO(NH2)2, represented below.
							       CO(NH2)2 (aq)	 ⇌	 NH4

+
(aq)    +     OCN-

(aq) 			

	 A student studying the decomposition reaction runs the reaction at 90°C. The studentcollects data 	
	 on the concentration of urea as a function of time, as shown by the data table and the graph 
	 below.
	

	

	 The student proposes that the rate law is rate = k[CO(NH2)2].	

	 a)	 Explain how the data support the student’s proposed rate law.

	 student's proposed rate law is first order and this is confirmed by the regular half-life: 			 
	 [CO(NH2)2] halves every 10 hours

	 b)	 Using the proposed rate law and the student’s results, determine the value of the rate 
		  constant, k. Include units with your answer.

		  t½  =  0.693 / k  		  10 =  0.693 / k		  k = 0.0693 hr-1

4.	
									         The graph opposite shows the 
									         concentration of cyclobutane as it 
									         decomposes over time at 1270 K.
		
									         a)	 Based on the graph, determine 		
										          the order of the decomposition 		
										          reaction of cyclobutane at
										          1270 K. Justify your answer.

	 The reaction is first order as we can see a regular half-life: every 8.0 milliseconds (ms), the 
	 [C4H8] halves

	 b)	 Calculate the time, in milliseconds, that it would take for 99 percent of the original
		  cyclobutane at 1270 K to decompose.

		  t½  =  0.693 / k  		  8.0 =  0.693 / k		  k = 0.087 ms-1

		  ln[At / A0]  =  - kt		  ln[1 / 100]  =  - 0.087 t	 t = -4.61 / -0.087 = 53 ms
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5.4 MC Questions
1. 			   Step 1:	 H2(g)    +    ICl(g)          HI(g)     +     HCl(g)		  (slow)

			   Step 2:	 HI(g)    +    ICl(g)         HCl(g)  +     I2(g)		  (fast)
	
	 Which of the following represents the overall chemical equation for the reaction and the 		
	 rate law for elementary step 2 ?

	 A	 The overall reaction is  		  H2(g)   +    2 ICl(g)        HCl(g)    +    I2(g)  ; 

		  the rate law for step 2 is  		  rate  =  k[H2][HI][ICl]

	 B	 The overall reaction is  		  H2(g)   +    2 ICl(g)        2 HCl(g)    +    I2(g)  ; 

		  the rate law for step 2 is  		  rate  =  k[H2][ICl]2 

	 C	 The overall reaction is  		  H2(g)   +    ICl(g)        HCl(g)    +    I2(g)  ; 

		  the rate law for step 2 is  		  rate  =  k[H2][ICl]

	 D	 The overall reaction is  		  H2(g)   +    2 ICl(g)        2 HCl(g)    +    I2(g)  ; 

		  the rate law for step 2 is  		  rate  =  k[HI][ICl]
 

2. 			   Step 1 :	 ?								        (slow)

			   Step 2:	 NO3(g)    +    CO(g)          NO2(g)     +     CO2(g)	 (fast)

			   overall:	 NO2(g)    +    CO(g)         NO(g)  +     CO2(g)		
	
	 A two-step reaction mechanism is proposed for a gas-phase reaction, as represented above. 

	 Which of the following correctly identifies both the chemical equation for step 1 and the 		
	 rate law for the overall reaction?

	 A	 The equation for step 1 is  	 2 NO2(g)         NO(g)    +    NO3(g)  ; 

		  and the rate law is  			  rate  =  k[NO2]
2

	 B	 The equation for step 1 is  	 NO2(g)   +    CO(g)        NO(g)    +    CO2(g)  ; 

		  and the rate law is  			  rate  =  k[NO2][CO] 

	 C	 The equation for step 1 is  	 NO3(g)   +    2 CO(g)           NO(g)    +    2 CO2(g)  ; 

		  and the rate law is  			  rate  =  k[NO2][CO]

	 D	 The equation for step 1 is  	 NO3(g)+ NO2(g)+ 2CO(g)      NO(g) + NO2(g)+ 2CO2(g) 

		  and the rate law is  			  rate  =  k[NO3][NO2] [CO]2

O

O
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3. 	 NO(g) and O2(g) react to form NO2(g). The rate law of the reaction is rate=k[NO]2[O2]. 

	 If the reaction occurs in a single elementary step that is a three-body molecular collision, 		
	 then which of the following is the equation for the elementary step?

	 A	 N(g)   +    O(g)   +    O(g)           	NO2(g)  

	 B	 2 NO(g)   +    O2(g)        2 NO2(g)    

	 C	 N(g)   +    O2(g)        NO2(g)   

	 D	 N2(g)   +    2 O2(g)        2 NO2(g)     
 

5.4 FRQ 
4. 	 The reaction between NO2 and CO to produce NO and CO2 is
	 believed to occur via two steps:

			   Step 1: 	 NO2    +    NO2            NO   +    NO3

			   Step 2: 	 NO3     +   CO            NO2  +   CO2

	 The experimental rate law is 	 rate = k[NO2]
2. 

	 a) 	 Write the equation for the overall reaction. 

			   NO2    +    CO            NO   +    CO2

	 b) 	 Identify the intermediate(s). 

			   NO3 is the only intermediate

	 c) 	 What can you say about the relative rates of steps 1 and 2? Justify your answer.
	
			   Step 1 must be the rate determining step as only NO2 appears in the 
			   Rate law. The slowest step is generally the rate determining step, so step 1 
			   is slower than step 2. 

O
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5.5 MC Questions
1. 	 The gas-phase reaction 	 A2(g)     +     B2(g)     →     2 AB(g) is assumed to occur in a single step. 

	 Two experiments were done at the same temperature inside rigid containers. The initial 		
	 partial pressures of A2 and B2 used in experiment 1 were twice the initial pressures used in 	
	 experiment 2. Which statement provides the best comparison of the initial rate of 
	 formation of AB in experiments 1 and 2 ?

	 A	 The initial rate of formation of AB is the same in both experiments because they 		
		  were done at the same temperature and the frequency and energy of the 
		  collisions between A2 and B2 would have been about the same.

	 B	 The initial rate of formation of AB is slower in experiment 1 than in with 
		  experiment 2 because at the same temperature, a higher pressure would reduce the 		
		  volume available for A2 and B2 molecules to achieve the proper orientation for 		
		  a successful collision.

	 C	 The initial rate of formation of AB is faster in experiment 1 than in experiment 2 		
		  because at a higher pressure the collisions between A2 and B2 molecules would have 		
		  been more frequent, increasing the probability of a successful collision.

	 D	 The initial rate of formation of AB is faster in experiment 1 than in experiment 2 		
		  because at a higher pressure a larger fraction of the A2 and B2 molecules would have 	
		  the minimum energy required to overcome the activation energy barrier.

2. 			   Step 1 :	 H2(g)    +    ICl(g)         HI(g)  +     HCl(g)		  (slow)

			   Step 2:	 HI(g)    +    ICl(g)          HCl(g)     +     I2(g)		  (fast)

	 The reaction is carried out at constant temperature inside a rigid container. Based on this 		
	 mechanism, which of the following is the most likely reason for the different rates of step 1 	
	 and step 2 ?

	 A	 The only factor determining the rate of step 2 is the orientation of the HI and ICl  		
		  polar molecules during a collision, but it has a negligible effect when H2 and ICl  		
		  molecules collide.

	 B	 The amount of energy required for a successful collision between H2 and ICl  is 		
		  greater than the amount of energy required for a successful collision between 		
		  HI and ICl . 

	 C	 The fraction of molecules with enough energy to overcome the activation energy 		
		  barrier is lower for HI and ICl than for H2 and ICl .

	 D	 The frequency of collisions between H2 and ICl is greater than the frequency of 
		  collisions between HI and ICl.

O
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3. 	  

	 The proposed rate-determining step for a reaction is 	 2 NO2(g)   →   NO3(g)   +   NO(g)

	  The graph above shows the distribution of energies for NO2(g) molecules at two 
	 temperatures. 

	 Based on the graph, which of the following statements best explains why the rates of 
	 disappearance of NO2(g) are different at temperature 2 and temperature 1 ?

	 A	 NO2(g) is consumed at a faster rate at temperature 2 because more molecules possess 	
		  energies at or above the minimum energy required for a collision to lead to a 
		  reaction compared to temperature 1.

	 B	 NO2(g) is consumed at a faster rate at temperature 2 because the molecules have a 		
		  wider range of energies allowing for a better orientation during a collision compared 	
		  to temperature 1.

	 C	 Fewer  NO2(g) molecules have a relatively high energy at temperature 1, which favors 	
		  collisions between molecules rather than between the molecules and the container, 		
		  leading to a faster rate of disappearance compared to temperature 2.

	 D	 More  NO2(g) molecules have a relatively low energy at temperature 1, which 
		  increases the number of effective collisions taking place and the rate of 
		  disappearance compared to temperature 2.

O
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4.		  Cl−
(aq)      +      ClO−

(aq)     +     2 H+
(aq)      →      Cl2(g)     +     H2O(l)

	 What effect will increasing [H+] at constant temperature have on the reaction represented 		
	 above?

	 A	 The activation energy of the reaction will increase.	  

	 B     	 The activation energy of the reaction will decrease.    

	 C     	 The frequency of collisions between H+
(aq) ions and ClO−

(aq) ions will increase.	  

	 D   	 The value of the rate constant will increase.	   

5.	 	 NO(g)    +      NO3(g)    →     2 NO2(g)			   rate = k[NO][NO3]

	 The reaction represented above occurs in a single step that involves the collision between 		
	 a particle of NO and a particle of NO3. 

	 A scientist correctly calculates the rate of collisions between NO and NO3 that have 
	 sufficient energy to overcome the activation energy. The observed reaction rate is only a 		
	 small fraction of the calculated collision rate. 

	 Which of the following best explains the discrepancy?

	 A	 The energy of collisions between two reactant particles is frequently absorbed by 		
		  collision with a third particle.	  

	 B     	 The two reactant particles must collide with a particular orientation in order to 
		  react.    

	 C     	 The activation energy for a reaction is dependent on the concentrations of the 
		  reactant particles.	   

	 D   	 The activation energy for a reaction is dependent on the temperature.

6.	 Which of the following best describes the role of the spark from the spark plug in an 
	 automobile engine?	   

	 A	 The spark decreases the energy of activation for the slow step.	  

	 B     	 The spark increases the concentration of the volatile reactant.    

	 C     	 The spark supplies some of the energy of activation for the combustion reaction.	   

	 D   	 The spark provides a more favorable activated complex for the combustion reaction.

	 E   	 The spark provides the heat of vaporization for the volatile hydrocarbon.

O
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7.	 Factors that affect the rate of a chemical reaction include which of the following?

			   I. 	 Frequency of collisions of reactant particles

			   II. 	 Kinetic energy of collisions of reactant particles

			   III. 	 Orientation of reactant particles during collisions

	 A     II only	  B     I and II only    C     I and III only	   D   II and III only	  E     I, II and III

8.	 Which of the following best helps explain why an increase in temperature increases the 		
	 rate of a chemical reaction?	   

	 A	 At higher temperatures, reactions have a lower activation energy..	  

	 B     	 At higher temperatures, reactions have a higher activation energy.   

	 C     	 At higher temperatures, every collision results in the formation of product..	   

	 D   	 At higher temperatures, high-energy collisions happen more frequently.

O
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5.5 FRQ 
1.	 2 NO2 (g) + F2(g) → 2 NO2F(g)

	 It is proposed that the reaction represented above proceeds via the mechanism represented 	
	 by the two elementary steps shown below.

			   Step 1: 	 NO2    +     F2     →      NO2F     +     F 		  (slow)

			   Step 2: 	 NO2    +      F      →      NO2F 			   (fast reversible)

	 Step 1 of the proposed mechanism involves the collision between NO2 and F2 molecules. 

	 This step is slow even though such collisions occur very frequently in a mixture of NO2(g) 		
	 and F2(g). Consider a specific collision between a molecule of NO2 and a molecule of F2.

	 a)	 One factor that affects whether the collision will result in a reaction is the 
		  magnitude of the collision energy. Explain.

	 1 point is earned for a correct explanation that makes reference to the activation energy of the reaction.

	 Successful molecular collisions must have sufficient energy in order to result in reaction. Only collisions 		
	 with sufficient energy to overcome the activation energy barrier, Ea, will be 	able to reach the transition 		
	 state and begin to break the F–F bond.

	 b)	 Identify and explain one other factor that affects whether the collision will result in a 	
		  reaction.

	 1 point is earned for identifying the relative orientation of the colliding molecules.

		  For a collision to be successful, the molecules must have the correct orientation.

	 1 point is earned for an explanation that makes reference to specific parts (atoms or bonds) of the reacting 		
	 molecules.

	 Only collisions with the correct orientation will be able to begin to form an N–F bond and begin to break 	
	 an F–F bond as the transition state is approached (that is, the molecules must contact each other at very 		
	 specific locations on their surfaces for the transition 	state to be accessible).

	 c)	 Consider the following potential rate laws for the reaction. Circle the rate law below 	
		  that is consistent with the mechanism proposed above. 

					     rate = k[NO2]
2[F2] 				   rate = k[NO2][F2]

		  Explain the reasoning behind your choice in terms of the details of the elementary 		
		  steps of the mechanism.
	 The rate law that is consistent with the mechanism is the one on the right above (rate = k[NO2][F2]).
	 Step I is the slower step and the rate-determining step in the mechanism. Since Step I is an elementary
	 reaction, its rate law is given by the stoichiometry of the racting molecules,
												            rateStep I = k[NO2][F2].

O
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5.6 MC Question 
1. 	 Based on the bond energies shown 
	 in the table opposite, which of the 
	 following diagrams best represents 
	 the change in energy as the reaction 
	 represented below proceeds?

		  H2(g)+ Cl2(g)  →  2HCl(g)	

	 A	 						      B

	      	         

	 C							       D

	     			  	

O



Kinetics QuestionsISPS Chemistry Oct 2022 page 28

AP Classroom Questions - only for use by fellow teachers with accredited access to AP Classroom. Please respect.

5.6 FRQ
1. 		  2NO2(g)    +    F2(g)     →     NO2F(g)			   ΔH°rxn=−284  kJ/molrxn

	 NO2(g) and F2(g) can react to produce NO2F(g), as represented above. A proposed 
	 mechanism for the reaction has two elementary steps, as shown below.

		  Step 1:	 NO2     +     F2      →     NO2F   +    F			   (slow)
 	  	  

		  Step 2:	 NO2     +      F    →     NO2F				    (fast)

	 a) 	 Write a rate law for the overall reaction that is consistent with the proposed 
		  mechanism.

				    rate = k [NO2] [F2]

	 b)	 On the incomplete reaction energy diagram below, draw a curve that shows the 
		  following two details.

		  The relative activation energies of the two elementary steps

		  The enthalpy change of the overall reaction

The drawn plot meets all three of the following 
criteria:

•	 There is a curve that starts at the right end of 	
	 the reactant line, goes up to form one or more 	
	 peaks, and then goes down and ends at the 		
	 level of the energy of the product.

•	 The curve has two peaks, the first higher than 	
	 the second.

•	 The drawn plot has a horizontal line 
	 representing the energy of the product that is 	
	 lower than the line for the reactants.
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5.7 MC Questions

									         All 3 questions relate to the particle 		
									         models shown opposite.
	
									         They represent a proposed two-step 
									         mechanism for the destruction of 		
									         ozone (O3) in the upper atmosphere.

1. 	 Based on the proposed mechanism, which of the following best describes 
	 the  concentration of the species shown opposite as the reaction occurs?

	 A	 The concentration is larger than that of reactant or product.	  

	 B     	 The concentration is very low for the duration of the reaction.    

	 C     	 The concentration increases steadily as the reaction proceeds.	   

	 D   	 The concentration fluctuates between high and low during the reaction.

2. 	 Based on the models, which of the following represents a species that acts as a catalyst 
	 for the reaction?

	 A	 	  			   B     	
	

	 C     	 	   				    D   	

3. 	 Based on the proposed mechanism, what is the balanced chemical equation for the overall 	
	 reaction?

	 A	 O3(g)    +     Cl(g)       →     O2(g)     +    ClO(g) 	  

	 B     	 2O3(g)   +    2Cl(g)      →      2O2(g)    +    2ClO(g)     

	 C     	 O3(g)     +     Cl(g)    +    ClO(g)      →     2O2(g)     +     Cl2(g) 	   

	 D   	 2O3(g)      →     3O2(g)

O
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4. 		  Step 1:	 NO(g)   +    O3(g)      →      NO2(g)   +    O2(g)

		  Step 2:	 NO2(g)  +    O(g)       →      NO(g)   +    O2(g)

	 A reaction mechanism for the destruction of ozone,  O3(g), is represented above. 
	 In the overall reaction,  NO(g) is best described as

	 A	 a catalyst	  

	 B     	 a reactant    

	 C     	 an intermediate	   

	 D   	 a product

5. 		  Step 1: 	 Ce4+    +    Mn2+    →    Ce3+    +    Mn3+

		  Step 2: 	 Ce4+    +    Mn3+    →    Ce3+    +    Mn4+

		  Step 3: 	 Mn4+   +    Tl+       →     Tl3+    +    Mn2+

	 The proposed steps for a catalyzed reaction between Ce4+ and Tl+ are represented above. 		
	 The products of the overall catalyzed reaction are

	 A	 Ce4+ and Tl+	 

	 B     	 Ce3+ and Tl3+    

	 C     	 Ce3+ and Mn3+	   

	 D   	 Ce3+ and Mn4+

	 E   	 Tl3+ and Mn2+

6. 		  Step 1: 	 Cl(g)    +    O3(g)    →    ClO(g)   +    O2(g)

		  Step 2: 	 ClO(g) +    O(g)     →    Cl(g)     +     O2(g)

	 A proposed mechanism for destruction of ozone gas in the stratosphere is represented 		
	 above. Which of the following is evidence that the mechanism is occurring?

	 A	 The presence of Cl(g) increases the rate of the overall reaction. 	  

	 B     	 The presence of Cl(g) decreases the rate of the overall reaction     

	 C     	 The presence of Cl(g) increases the equilibrium constant of the overall reaction. 	   

	 D   	 The presence of Cl(g) decreases the equilibrium constant of the overall reaction.)

O
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5.8 MC Questions
1. 	 Based on a kinetics study of the reaction represented by the equation above, the following 		
	 mechanism for the reaction is proposed.

			   Step 1:	 HBr(g)   +   O2(g)     →     HO2Br(g)			   (slow)

			   Step 2:	 HO2Br(g)    +    HBr(g)     →     2HOBr(g)		  (fast)

			   Step 3:	 2HOBr(g)     →     H2O2(g)     +     Br2(g)		  (fast)

Which of following rate laws is consistent with the proposed mechanism?

	 A	 Rate  =  k [HBr]2[O2]	  

	 B     	 Rate  =  k [HBr][O2]     

	 C     	 Rate  =  k [HO2Br][HBr]

	 D   	 Rate  =  k [HO2Br]2

2. 	

	 The particle models shown above represent a proposed two-step mechanism for the 
	 destruction of ozone (O3) in the upper atmosphere.

	 Based on the proposed mechanism, which of the following is the rate-law expression for 		
	 the destruction of O3 ?

	 A	 Rate  =  k [O3]
2	  

	 B     	 Rate  =  k [Cl2]
2     

	 C     	 Rate  =  k [ClO][O3]

	 D   	 Rate  =  k [O3][Cl]

O
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3.		  Step 1:	 H2(g)     +     ICl(g)     →    HI(g)    +    HCl(g)			   (slow)

		  Step 2:	 HI(g)     +     ICl(g)     →    HCl(g)    +   I2(g)			   (fast)

	 Which of the following represents a rate law for the overall reaction that is consistent with 		
	 the proposed mechanism?

	 A	 Rate  =  k [H2][ICl] 			   B     	 Rate  =  k [H2][ICl]2     

	 C     	 Rate  =  k [H2][HI][ICl]2 			   D   	 Rate  =  k [HI][ICl]

4. 		  X2   +   Y2   →   X2Y2				   rate = k[X2]

	 A reaction and its experimentally determined rate law are represented above. A chemist 		
	 proposes two different possible mechanisms for the reaction, which are given below.

				    Mechanism 1				    Mechanism 2
	 Step 1:		  X2   →   2X  (slow)				    X2   →   2X  (slow)
	 Step 2:		  X + Y2   →   XY2  (fast)			   X2 + Y2   →   XY + Y  (fast)
	 Step 3:		  X + XY2   →   X2Y2  (fast)			   X  + XY   →   X2Y   (fast)
	 Step 4:								        Y  + X2Y   →   X2Y2   (fast)

	 Based on the information above, which of the following is true?

	 A	 Only mechanism 1 is consistent with the rate law.	  

	 B     	 Only mechanism 2 is consistent with the rate law.     

	 C     	 Both mechanism 1 and mechanism 2 are consistent with the rate law.

	 D   	 Neither mechanism 1 nor mechanism 2 is consistent with the rate law.

5.		  2 A(g) + B(g) → 2 C(g)		 When the concentration of substance B in the reaction 		
						      above is doubled, all other factors being held constant, it is 
						      found that the rate of the reaction remains unchanged. 

	 The most probable explanation for this observation is that

	 A	 the order of the reaction with respect to substance B is 1

	 B     	 substance B is not involved in any of the steps in the mechanism of the reaction   

	 C     	 substance B is not involved in the rate–determined step of the mechanism, but is 		
		  involved in subsequent steps

	 D   	 substance B is probably a catalyst, and as such, its effect on the rate of the reaction 		
		  does not depend on its concentration

	 E   	 the reactant with the smallest coefficient in the balanced equation generally has little 	
		  or no effect on the rate of the reaction
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6. 			   2 NO2(g)     +     F2(g)    →    2 NO2F(g)

	 The rate law for the reaction represented by the equation above is rate = k[NO2][F2]. 

	 Which of the following could be the first elementary step of a two-step mechanism for the 		
	 reaction if the first step is slow and the second step is fast?

	 A	 F2(g)    →    2 F(g)	  

	 B     	 NO2(g)     +     F2(g)    →    NO2F(g)  +   F(g)    

	 C     	 NO2(g)     +     F(g)    →    NO2F(g)  

	 D   	 2 NO2(g)     +     F2(g)    →    2 NO2F(g)

7.			   2NO(g) + O2(g)→N2O2(g)

		  A possible mechanism for the overall reaction represented above is the following.

				    NO(g) + NO(g) → N2O2(g) 		  slow

				    N2O2(g) + O2(g) → 2NO2(g)		   fast

		  Which of the following rate expressions agrees best with this possible mechanism?

	 A	 Rate  =  [NO]2

	 B     	 Rate  =  k [NO] / [O2]   

	 C     	 Rate  =  k [NO]2 / [O2] 

	 D   	 Rate  =  k [NO]2 [O2]

	 E   	 Rate  =  k [N2O2][O2]

O
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5.8 FRQ
1. 	 Cyclopentane, C5H10(g), is an alkane with a ring structure, that reacts with chlorine, Cl2(g), 
to 		  produce C2H9Cl(g) and HCl(g). 

	 Following is a representation of a proposed mechanism for the reaction.

				           Cl2      →    2Cl				    (slow)

			   Cl     +    C5H10    →    HCl    +    C5H9		  (fast)

			   C5H9     +     Cl    →    C5H9Cl			   (fast)

	 a)	 Write the overall equation for the reaction.

			   C5H10     +     Cl2    →    C5H9Cl   +   HCl

	 b)	 Write a rate law for the reaction that is consistent with the mechanism. 
		  Justify your answer.

			   The response indicates both of the following criteria:

				    The response indicates that the rate law is rate = k[Cl2]

				    The response justifies the answer by indicating that the first step is the 	
				    rate-determining (or slow) step and the reactant in that step is Cl2 .

	 c)	 A student claims that Cl2(g) is a catalyst in the reaction. 
		  Explain why the student’s claim is false.

		  The response indicates that a catalyst is not consumed in a reaction but Cl2 
		  is consumed in this reaction.
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5.9 MC Questions
1. 		  Step 1: 	 NO2     +    F2   ⇌  NO2F2              		  (fast reversible)

		  Step 2: 	 NO2F2   →   NO2F     +     F        		  (slow)

		  Step 3: 	 NO2     +    F   →   NO2F             		  (fast)

	 A proposed mechanism for the chemical reaction 	 2NO2(g)    +    F2(g)     →    2NO2F(g)
	 is shown above. Which of the following rate laws is consistent with this mechanism?

		  A	 Rate  =  k [NO2][F2]	  	 B     	 Rate  =  k [NO2]
2 [F2]     

		  C     	 Rate  =  k [NO2][F2]
2		  D   	 Rate  =  k [NO2]

2 [F2]
2

2.			   Br2(g)   +   2NO(g)     →     2NOBr(g)

	 The reaction represented by the equation above has the following proposed mechanism.

		  Step 1:	 NO(g)    +    Br2(g)	 ⇌	 NOBr2(g)	 (fast equilibrium)

		  Step 2:	 NOBr2(g)   +   NO(g)     →     2NOBr(g)	 (slow)

	 Based on the information, which of the following is the initial rate law for the reaction?

	 A	 Rate  =  k [Br2][NO]	  

	 B     	 Rate  =  k [Br2][NO]2

	 C     	 Rate  =  k [Br2]
2 [NO]

	 D   	 Rate  =  k [NOBr2][NO]

3.			   2H2(g)     +    2NO(g)    →    N2(g)    +   2H2O(g) 

	 For the chemical reaction represented above, the following mechanism is proposed

		  Step 1:	 2 NO(g)    ⇌	 N2O2(g)				    (fast equilibrium)

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

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

	 Which of the following initial rate law expressions is consistent with this proposed 
	 mechanism?

		  A	 Rate  =  k [H2]
2 [NO]2	  		  B     	 Rate  =  k [NO]2

		  C     	 Rate  =  k [H2][NO]2			   D   	 Rate  =  k [H2][N2O]

O
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4. 			   2 NO(g) + O2(g)  → 2 NO2(g)

	 Consider the following mechanism for the reaction represented above.

		  Step 1: 	 2 NO   ⇌  N2O2              		  (fast reversible)

		  Step 2: 	 N2O2   +    O2   →   2 NO2         	 (slow)

	 Which of the following statements is true?

	 A	 Step 1 represents a unimolecular reaction.	  

	 B     	 Increasing the concentration of NO will decrease the overall rate of the reaction.     

	 C     	 Raising the temperature will have no effect on the numerical value of the rate 
		  constant.

	 D   	 The rate law that is consistent with the mechanism is rate = k[NO]2[O2].

5. 		  Step 1: 	 N2H2O2     ⇌  N2HO2
-   +     H+              		  (fast reversible)

		  Step 2: 	 N2HO2
-   →   N2O     +     OH-	         		  (slow)

		  Step 3: 	 H+     +    OH-   →   H2O             			   (fast)

	 Nitramide, N2H2O2, decomposes slowly in aqueous solution. 

	 This decomposition is believed to occur according to the reaction mechanism above. The 		
	 rate law for the decomposition of nitramide that is consistent with this mechanism is given 	
	 by which of the following?

		  A	 Rate  =  k [N2H2O2]	  		  B     	 Rate  =  k [N2H2O2][H+]     

		  C     	 Rate  =  k [N2H2O2] / [OH-] 		  D   	 Rate  =  k [N2H2O2] / [H+] 
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5.9 FRQ
1.	 Nitrogen dioxide,   NO2(g) , is produced as a by-product of the combustion of fossil fuels in 	
	 internal combustion engines. At elevated temperatures NO2(g) decomposes according to the 	
	 equation below.

	 2 NO2(g)   →   2 NO(g)   +   O2(g)
 
	 The concentration of a sample of NO2(g) 
	 is monitored as it decomposes and is 
	 recorded on 	the graph opposite. 

	 The two graphs below are derived from the original data.

	 a) 	 Explain how the graphs indicate that the reaction is second order.

		  The response indicates that the linear graph of 1/[NO2] versus time indicates a 
		  second-order reaction

	 b) 	 Write the rate law for the decomposition of NO2(g) .

		  The response gives the following rate law:	 rate = k [NO2]
2

	 c) 	 Consider two possible mechanisms for the decomposition reaction.

			   Mechanism I						     Mechanism II
Step1:	     NO2(g)+ NO2(g)→ NO(g)+ NO3(g)  slow		    NO2(g)+ NO2(g) ⇋ N2O4(g)      fast equilibrium

Step2:	     NO3(g) → NO(g)  +  O2(g)		  fast		      N2O4(g) → 2 NO(g)  +  O2(g)	 slow

		   i) 	 Is the rate law described by mechanism I shown below consistent with the 
			   rate law you wrote in part b) ? Justify your answer.

	 Yes. Step 1 is slow so is the rate-determining step and 2 NO2 molecules involved.
	
		  ii) 	 Is the rate law described by mechanism II shown below consistent with the 		
			   rate law you wrote in part b) ? Justify your answer.

	 Yes. Step 2 is slow so is the rate-determining step and 1 NO2 molecule involved. However,
	 rate of Step 2 depends on N2O4(g) produced in step 1 so is dependent on another NO2
	 molecule rate = k [NO2]

2 which is consistent with rate law in b). 
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5.10 MC Question
1. 	 When free Cl(g) atoms encounter O3(g) molecules in the upper atmosphere, the following 		
	 reaction mechanism is proposed to occur.

	 	

	
	 Which of the following reaction energy profiles best corresponds to the proposed 
	 mechanism?

	 A							       B

	      	         

	 C							       D

	     			  	

O
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5.11 MC Questions
1. 			 

	 The energy distribution profile (Curve C) for the Y2 molecules is shown in the graph above 	
	 for the reaction 
					     X    +    Y2     →     XY2 	

	 when it is done under certain experimental conditions. Line A represents the most 
	 probable energy of the Y2 molecules, and Line B represents the activation energy. 

	 Which of the following changes should be made to the graph to explain the increase in the 	
	 rate of the reaction if the only change in experimental conditions is the addition of a 
	 catalyst?

	 A	 Curve C will broaden and Line B will move to the left, because more Y2 molecules 		
		  will have an energy greater than the minimum energy needed to overcome 
		  the activation energy barrier.	  

	 B     	 Line B will move to the left because a larger fraction of the Y2 molecules will have 		
		  the minimum energy to overcome the activation energy barrier..    

	 C     	 Curve C and Line A will move to the right because the average energy of the Y2
  		  molecules will increase.

	 D   	 Line A will move to the right because the most probable energy of the Y2 molecules 		
		  will increase.		  	

O
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2. 			 
							       The diagram opposite illustrates how the reaction 

										          N2(g)   +   3H2(g)   →   2NH3(g) 

							       occurs on the surface of Ru(s). 

							       The rate of this reaction is determined by the 		
							       amount of energy required to break the bond 		
								        in N2. This bond is weakened when N2 		
								        is adsorbed on Ru(s). 

	 Based on this information, which of the following provides the best reason for the use of 		
	 Ru(s)for the synthesis of NH3 ?

	 A	 It promotes the proper orientation of N and H atoms to form new  N−H bonds.	  

	 B     	 It provides a reaction path with a lower activation energy.     

	 C     	 It forms a bond between Ru and N that is stronger than the bond in N2.

	 D   	 It decreases the frequency of collisions between N2(g) and H2(g).

3.								        C12H22O11   +   H2O    →    2C6H12O6

							       The hydrolysis of sucrose is represented by the 		
							       chemical equation above. This reaction is extremely 	
							       slow in aqueous solution. 

							       However, when sucrase is added as shown in the 		
							       diagram, the rate of the reaction is about 6,000,000 		
							       times faster. 

							       Based on this information, which of the following 		
							       best explains the large increase in the rate of 			
							       hydrolysis that occurs with the addition of sucrase? 

	 A	 The reaction proceeds through a different reaction path with a lower activation 
		  energy in which the sucrase-sucrose complex is formed as an intermediate.	  

	 B     	 The addition of the sucrase reduces the number of effective collisions between the 		
		  water and sucrose molecules.     

	 C     	 The reaction proceeds through a different reaction path that is independent of 
		  temperature and concentration.

	 D   	 The addition of the sucrase decreases the number of sucrose molecules that have 
		  the minimum energy required to overcome the activation energy barrier.

O

O
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4.	 							     
								        The energy diagram for the reaction 
								        X + Y → Z is shown opposite. 

								        The addition of a catalyst to this reaction 		
								        would cause a change in which of the 
								        indicated energy differences?

									       

	 A  I only	 B  II only	 C  III only	 D  I and II only	 E  I, II, and III

5. 		  XY2 → X + Y2

	 The equation above represents the decomposition of a compound  XY2. The diagram below 	
	 shows two reaction profiles (path one and path two) for the decomposition of  XY2.

	 Which of the following most likely accounts for the difference between reaction path one 		
	 and reaction path two?

	 A	 A higher temperature in path one	  

	 B     	 A higher temperature in path two     

	 C     	 The presence of a catalyst in path one

	 D   	 The presence of a catalyst in path two

6.	 The role of a catalyst in a chemical reaction is to

	 A	 decrease the amount of reactants that must be used	 

	 B     	 lower the activation energy for the reaction     

	 C     	 supply the activation energy required for the reaction to proceed

	 D   	 increase the amounts of products formed at equilibrium

O

O

O


