
RATE OF REACTION ASSIGNMENT 
 

1. Ammonia, NH3, reacts with oxygen to produce nitric oxide, NO, and water 

vapour.  At a specific time in the reaction, ammonia is disappearing at rate of 

0.068 mol/(L*s).  What is the corresponding rate of production of water? 

4NH3(g) + 5O2(g)  4NO(g) + 6H2O(g) 

 

2. Iodine chloride reacts with hydrogen to produce iodine and hydrogen chloride: 

2ICl + H2  I2 + HCl 

At temperature T, the following initial rate data were recorded.  Determine the 

rate law equation and the rate constant. 

Experiment [ICl]0 (mol/L) [H2]0 (mol/L) Initial rate (mol/(L*s)) 

1 0.20 0.05 0.0015 

2 0.40 0.05 0.0030 

3 0.20 0.2 0.0060 

 

3. The data in the table below were collected, at 25°C, for the following reaction: 

2A + B + 2C  3D.  Determine the rate law equation and the value for k at 

25°C, with proper units. 

Experiment [A]0 (mol/L) [B]0 (mol/L) [C]0 (mol/L) Initial rate 

(mol/(L*s)) 

1 0.2 0.1 0.1 4.0*10
-4

 

2 0.2 0.3 0.2 1.2*10
-3

 

3 0.2 0.1 0.3 4.0*10
-4

 

4 0.6 0.3 0.4 3.6*10
-3

 

 

4. NO2 (g) and F2(g) react to form NO2F(g).  The experimentally determined rate 

law for the reaction is written as follows: rate = k[NO2] [F2].  A chemist 

proposes the following mechanism.  Determine whether the mechanism is 

reasonable. 

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

Step 2: NO2 (g) + F(g)  NO2F(g) (fast) 

 

5. A chemist proposes the following reaction mechanism for a certain reaction. 

Step 1: A + B  C (slow) 

Step 2: C + A  E + F (fast) 

a) Write the equation for the chemical reaction that is described by this 

mechanism 

b) Write a rate law equation that is consistent with the proposed mechanism 

 

6. Consider the reaction between 2-bromo-2-methylpropane and water:  

(CH3)3CBr(aq) + H2O(l)  (CH3)3COH(aq) + H
+1

(aq) + Br
-1

(aq).  Rate 

experiments show that the reaction is first order in (CH3)3CBr, but zero order 

in water.  Demonstrate/explain that the accepted mechanism, show below, is 

reasonable. 

Step 1: (CH3)3CBr  (CH3)3C
+1

(aq) + Br
-1

 (aq) (slow) 



Step 2: (CH3)3C
+1

 (aq) + H2O (l)  (CH3)3COH2
+1

(aq) (fast) 

Step 3: (CH3)3COH2
+1

 (aq)  H
+1

(aq) + (CH3)3COH(aq) (fast) 

 

7. Phosgene, COCl2, is a highly toxic gas that is heavier than air.  It can be 

produced by reacting carbon monoxide with chlorine in a very slow reaction.  

The following initial rate data were collected at a particular temperature.  A) 

Write the rate law equation for this reaction.  B) Calculate the value of the rate 

constant with proper units. 

Experiment Initial [CO] 

(mol/L) 

Initial [Cl2] 

(mol/L) 

Initial rate 

(mol/(L*s)) 

1 0.5 0.05 6.45*10
-30

 

2 0.05 0.05 6.65*10
-31

 

3 0.05 0.5 6.5*10
-30

 

4 0.05 0.005 6.60*10
-32

 

 

8. A series of experiments is performed for the system: 2A + 3B + C  D + 2E.  

When the initial [A] is doubled, the rate increases by a factor of 4.  When the 

initial [B] is doubled, the rate  is doubled.  When the initial [C] is doubled, 

there is no effect on rate.   

a) What is the order of reaction with respect to each of the reactants 

b) Write a rate law expression for this reaction 

 

9. The experimental observations found below are obtained for the reaction: 2A 

+ B + 2C  3X. 

a) What is the order of reaction with respect to each of the reactants? 

b) Write a rate law expression 

c) Calculate the value for the rate constant with proper units 

d) Calculate the rate of production of X when [A] = [B] = [C] = 0.4 mol/L 

Trial Initial [A] 

(mol/L) 

Initial [B] 

(mol/L) 

Initial [C] 

(mol/L) 

Rate of 

production of 

X (mol/(L*s)) 

1 0.1 0.1 0.1 3.0*10
-4

 

2 0.2 0.1 0.1 1.2*10
-3

 

3 0.1 0.3 0.1 3.0*10
-4

 

4 0.2 0.1 0.2 2.4*10
-3

 

 

10. Consider the following mechanism, in which A, B and E may be elements or 

compounds, and C, D and F are compounds. 

Step 1: 2A + B  C 

Step 2: C  D 

Step 3: D + E  F 

a) What is the overall reaction? 

b) Which step is most likely to be the rate-determining step?  Explain. 

 

11. Use the graph below to answer these questions: 



a) What is the (overall) activation energy for the following reaction 

(reactants  products) 

b) What is the reaction enthalpy for the reaction? 

c) What is the rate determining step for the reaction? 

d) Is the reaction endothermic or exothermic? 

e) Which letters represent activated complexes? 

f) Which letters represent reaction intermediates? 

 
12. Nitric oxide, NO(g) reacts with chlorine gas gas, in the reaction: 2NO(g) + 

Cl2(g)  2NOCl(g).  Initial rates of reaction are determined for various 

combinatioins of initial concentrations of reactants and recorded below. 

a) What is the rate law for the reaction? 

b) What is the rate determining step? 

c) Calculate the value for the rate constant, including units. 

d) Calculate the expected rate of reaction in the initial concentrations of NO 

and Cl2 gases were 0.3 and 0.4 mol/L respectively. 

Trial Initial [NO] 

(mol/L) 

Initial [Cl2] 

(mol/L) 

Rate of production 

of NOCl 

(mol/(L*s)) 

1 0.1 0.1 1.8*10
-2

 

2 0.1 0.2 3.6*10
-2

 

3 0.2 0.2 1.43*10
-1

 

 

13. Consider the reaction of S2O8
-2

(aq) ions with I-1(aq) ions, for which the 

following mechanism has been suggested.  Assume that the overall reaction is 

slightly exothermic. 

a) Identify the catalyst and the reaction intermediates in this reaction 

b) Identify the reactants and products, and write the overall reaction equation. 

c) Explain what effect increasing the iodine ion concentration would have on 

the overall rate. 

d) Explain the effect of increasing [S2O8
-2

]. 

Cu
+2

(aq) + I
-1

(aq)  Cu
+1

(aq) + I(aq) (fast) 

2I(aq)  I2(aq) (fast) 

Cu
+1

(aq) + S2O8
-2

(aq)  CuSO4
+1

(aq) + SO4
-2

(aq) (slow) 



Cu
+1

(aq) + CuSO4
+1

(aq)  2Cu+2(aq) + SO4
-2

(aq) (fast) 

 

14. An investigation is carried out in which evidence is collected for the following 

hypothetical reaction:  

W + 2X + 2Y  Z (W, X and Y could either be elements or compounds but Z 

is a compound). 

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

b) What is the rate determining step? 

c) What is a possible mechanism, including the slow step? 

Test Initial [W] 

(mol/L) 

Initial [X] 

(mol/L) 

Initial [Y] 

(mol/L) 

Rate of 

production of 

Z (mol/(L*s)) 

1 0.1 0.1 0.1 12 

2 0.2 0.1 0.1 12 

3 0.1 0.2 0.1 24 

4 0.1 0.1 0.2 48 

 

15. The complex protein hemoglobin, Hbn, is the key molecule involved in 

oxygen transport between the lungs and the cells.  Carbon monoxide, CO, is a 

highly poisonous gas because it can bind to the hemoglobin molecule and 

prevent it from carrying oxygen.  The rate of this binding reaction can be 

represented by the equation:  

CO + Hbn  HbnCO.  Consider the experimental observations of the rate of 

binding of hemoglobin as a function of concentration of reactants. 

a) What are the orders of reaction with respect to each of the reactants? 

b) What is the overall order? 

c) Write the rate equation including the rate constant. 

d) If oxygen gas were to follow a similar rate equation in binding to 

hemoglobin under normal circumstances, which rate constant k would you 

expect to be larger – that of the oxygen or the carbon monoxide reaction?  

Explain. 

Trial Initial [CO] 

(mol/L) 

Initial [Hbn] 

(mol/L) 

Initial rate 

(mol/(L*s)) 

1 5.0*10
-4

 1.34*10
-3

 3.12*10
-4

 

2 5.0*10
-4

 2.68*10
-3

 6.24*10
-4

 

3 1.5*10
-3

 2.68*10
-3

 1.872*10
-3

 



 


