
KINETICS PROBLEMS 
(Alberty R A, Physical Chemistry, 7th ed., Wiley, NY, 1987) 

(Answers on the last page) 
 
20.1 The half-life of a first-order chemical reaction A --> B is 10 min. What percent of A 
remains after 1 h? 

20.2 The following data were obtained on the rate of hydrolysis of 17% sucrose in 0.099 
mol L-1 HCl aqueous solutions at 35 °C. 

t/min          9.82       59.60  93.18     142.9      294.8  589.4 
Sucrose remaining, % 96.5 80.3 71.0   59.1         32.8   11.1 

What is the order of the reaction with respect to sucrose and the value of the rate constant k? 

20.3 Methyl acetate is hydrolyzed in approximately 1 mol L-1 HCl at 25 °C. Aliquots of 
equal volume are removed at intervals and titrated with a solution of NaOH. Calculate the 
first-order rate constant from the following experimental data. 

t/ s                  339           1242                2745         4546          ∞ 
v/cm3  26.34  27.80  29.70  31.81         39.81 

20.4 Prove that in a first-order reaction, where dn /dt = - kn, the average life, that is the 
average life expectancy of the molecules, is equal to 1/k. 

20.5 Since radioactive decay is a first-order process, the decay rate for a particular nuclide 
is commonly given as the half-life. Given that potassium contains 0.0118 % 40K, which has a 
half-life of 1.27 x 109 years, how many disintegrations per second are there in a gram of 
KCl? 

20.6 The decomposition of HI to H2 + I2 at 508 °C has a half-life of 135 min when the 
initial pressure of HI is 0.1 atm and 13.5 min when the pressure is 1 atm. (a) Show that this 
proves that the action is second order. (b) What is the value of the rate constant in L mol-1 s-1? 
(c) What is the value of the rate constant in bar-1 s-1? (d) What is the value of the rate 
constant in cm3 s-1? 

20.7 The reaction between propionaldehyde and hydrocyanic acid has been studied at 25 
°C by W. J. Svirbely and J. R. Roth (J. Am.  Chem.  Soc .  75 ,  3106 (1953)). In a certain 
aqueous solution at 25 °C the concentrations at various times were as follows. 

t/min                        2.78           5.33          8.17       15.13         19.80            ∞ 
[HCN]/mol L-1         0.0990       0.0906      0.0830   0.0706       0.0653 0.0424 
[C3H7CHOI/mol L-1     0.0566       0.0482      0.0406   0.0282       0.0229 0.0000 

What is the order of the reaction and the value of the rate constant k? 

20.8 The second-order rate constant for the reaction of ClO and NO is 6.2 x 10-12 cm 3 s-1. 
What is its value in L mol-1 s-1? 

20.9 The reaction CH3CH2NO2 + OH-    H2O + CH3CHNO2
- is of second order, and k at 

0 °C is 39.1 L mol-1 min-1. An aqueous solution is 0.004 mol L-1 in nitroethane and 0.005 mol 
L-1 in NaOH. How long will it take for 90% of the nitroethane to react? 

20.10 Hydrogen peroxide reacts with thiosulfate ion in slightly acidic solution as follows. 
H2O2 + 2S2O3

2- + 2H+    2H2O + S4O6
2- 

This reaction rate is independent of the hydrogen-ion concentration in the pH range 4 to 6. 
The following data were obtained at 25 °C and pH 5.0. Initial concentrations: [H2O2] = 0.036 
mol L-1; [S2O3

2-] = 0.02040 mol L-1 



t/ min   16           36            43           52 
[S2O32-]/ 10-3 mol L-1 10.30 5.18         4.16        3.13 

(a) What is the order of the reaction? (b) What is the rate constant?  

20.11 The pre-exponential factor for the trimolecular reaction 
2NO + O2    2NO2 

is 109 cm6 mol-2 s-1. What is the value in L2 mol-2 s-1 and cm6 s-1? 

20.12 A solution of A is mixed with an equal volume of a solution of B containing the same 
number of moles, and the reaction A + B = C occurs. At the end of 1 h, A is 75% reacted. 
How much of A will be left unreacted at the end of 2 h if the reaction is (a) first order in A 
and zero order in B; (b) first order in both A and B; and (c) zero order in both A and B ? 

20.13 Derive the integrated rate equation for a reaction of ½ order. Derive the expression for 
the half-life of such a reaction. 

20.14  Show that for a reaction following the rate law  -d[A] /dt = k[A]α, the half-life is given 
by   

t½  =  (2α-1 – 1)/(k[A]0
α-1(α-1) 

where α is an integer not equal to unity. 

20.15 Show that for a first-order reaction R    P the concentration of product can be 
represented as a function of time by 

[P] =a+bt+ct 2 + . . .  
and express a,  b ,  and c in terms of [R] o  and k. 

20.16 For a reaction A    X, the following concentrations of A were found in a single 
kinetics experiment 

[A]/mol L-1 1.000 0.952   0.909   0.870       0.833 0.800 
t/h    0           0.05           0.10          0.15         0.20           0.25 

What is the rate v of this reaction at [A] = 1.000 mol L-1? 

20.17 The following table gives kinetic data (Y. T. Chia and R. E. Connick, J. Phys. Chem. 
63, 1518 (1959)) for the following reaction at 25 °C. 

OCl- + I-    OI- + Cl- 
  
[OCl-]             [I-]         [OH-] d [IO-]/ d t  / l 0 - 4 mol L-1 s-1 
 mol L-'                                                 
0.0017 0.0017 1.00  1.75 
0.0034 0.0017 1.00  3.50 
0.0017 0.0034 1.00  3.50 
0.0017 0.0017 0.5   3.50 

What is the rate law for the reaction and what is the value of the rate constant?  

20.18 When an optically active substance is isomerized, the optical rotation de-creases from 
that of the original isomer to zero in a first-order manner. In a given case the half-time for 
this process is found to be 10 min. Calculate the rate constant for the conversion of one 
isomer to another. 

20.19 The first three steps in the decay of 238U are 
                                          α                                        β                                    β 

2 3 8 U       →       2 3 4 Th    →     2 3 4 Pa       →       2 3 4 U   
                      4.5x109 y                 24.1 d                1.14 m 
where the respective ejected particles and half-lives are given.  If we start with pure 238U, 
what fraction will be 234Th  after 10, 20, 40, and 80 days? 



20.20 For the reaction 2A = B + C   the rate law for the forward reaction is 
-d[A]/dt = k[A] 

Give two possible rate laws for the backward reaction. 

20.21 Suppose the transformation of A to B occurs by both a reversible first-order reaction 
and a reversible second-order reaction involving hydrogen ion. 
             k1                                      k3 

A  B              A + H+     B + H+ 
    k2                                      k4 

What is the relationship between these four rate constants?  

20.22 The hydrolysis of 
                             Cl 

 (CH2)6C 
                   CH3 

in 80% ethanol follows the first-order rate equation. The values of the specific reaction-rate 
constants, as determined by H. C. Brown and M. Borkowski ( J . Am. Chem. Soc. 74, 1896 
(1952)), are as follows. 

t/ °C              0                  25                      35   45 
k/s-1        1.06 x 10-5           3.19 x 10-4   9.86 x 10-4        2.92 x 10-3 

(a) Plot log k against 1/T; (b) calculate the activation energy; (c) calculate the pre-
exponential factor. 

20.23 (a) The viscosity of water changes about 2% per degree at room temperature. What is 
the activation energy for this process? (b) The activation energy for a reaction is 62.8 kJ mol-

1. Calculate k35/k25. 

20.24 If a first-order reaction has an activation energy of 104,600 J mol-1 and, in the equation 
k = Ae-Ea/RT, A has a value of 5x1013 s-', at what temperature will the reaction have a half-
life of (a) 1 min, and (b) 30 days? 

20.25 Isopropenyl allyl ether in the vapor state isomerizes to allyl acetone accord-ing to a 
first-order rate equation. The following equation gives the influence of tem-perature on the 
rate constant (in s-1). 

k = 5.4 x 1011 e-123,000/RT 
where the activation energy is expressed in J mol-1. At 150 °C, how long will it take to build 
up a partial pressure of 0.395 bar of allyl acetone, starting with 1 bar of isopropenyl allyl 
ether (L. Stein and G. W. Murphy, J. Am. Chem. Soc. 74, 1041 (1952))? 

20.26 For the mechanism 

                      k1                           k3 
A + B  C              C  →   D  
             k2                                       

( a )  Derive the rate law using the steady-state approximation to eliminate the concentration 
of C. (b) Assuming that k3 << k2, express the pre-exponential factor A and Ea for the 
apparent second-order rate constant in terms of A1, A2, and A3 and Eal, Ea2, and Ea3 for the 
three steps. 

20.27 For the two parallel reactions 

               k1                                        k2 
A  →   B          and        A  →   C  



show that the activation energy E' for the disappearance of A is given in terms of activation 
energies E1 and E2 for the two paths by 

E' = (k1E1 + k2E2)/(k1+k2) 

20.28 The reaction  2NO + O2 →  2NO2  is third order. Assuming that a small amount of 
NO3 exists in rapid reversible equilibrium with NO and O2 and that the rate-determining 
step is the slow bimolecular reaction  NO3 + NO →   2NO2, derive the rate equation for 
this mechanism. 

20.29 Set up the rate expressions for the following mechanism. 

               k1                                    k3 
A    B              B + C  →   D  

               k2                                       

If the concentration of B is small compared with the concentrations of A, C, and D, the 
steady-state approximation may be used to derive the rate law. Show that this reaction may 
follow the first-order equation at high pressures and the second-order equation at low 
pressures. 

20.30 The reaction  NO2Cl = NO2 + ½Cl2 is first order and appears to follow the 
mechanism 

                       k1                                                                          k2 
NO2Cl  →   NO2 + Cl         and        NO2Cl  +   C l   →    NO2  +  Cl2 

( a )  Assuming a steady-state for the chlorine atom concentration, show that the empirical 
first-order rate constant can be identified with 2k1. (b) The following data were obtained by 
H. F. Cordes and H. S. Johnston (J. Am. Chem. Soc. 76, 4264 (1954)) at 180 °C. In a single 
experiment the reaction is first order, and the empirical rate constant is represented by k. 
Show that the reaction is second order at these low gas pressures and calculate the second-
order rate constant. 

c/ 10-8 mol cm-3  5 10 15 20 
k/ 10-4 s-1  1.7   3.4   5.2   6.9 

20.31 The apparent activation energy for the recombination of iodine atoms in argon is -
5.9 kJ mol-1. This negative temperature coefficient may result from the following 
mechanism. 
           k1                                     

I + M   =   IM           K =  [ I M ] / [ I ] [ M ]      I M  +  I       I 2  +  M  
        k-1 

Assuming that the first step remains at equilibrium, derive the rate equation that includes 
both the forward and backward reactions. Show that the reverse reaction is bi-molecular 
and the equilibrium constant expression for the dissociation of iodine is independent of the 
concentration of the third body. 

20.32 What is the rate constant for the following reaction at 500 K? 

H + HCl   →   Cl + H2 

The data required are: 
For the reverse rxn:   log( A / L mol-1 s-1) = 10.9   and Ea = 23.0 kJ/mol. 
∆Hf,500K (kJ/mol):  H = 219.254,  HCl = -92.914,  Cl = 122.261,  H2 = 0 (of course). 

20.33 What are the Arrhenius parameters for the following elementary reaction? 



H + HCl   →   Cl + H2 

The data required are in previous problem. 

20.34 For the gas reaction 

                                 k 
O + O2 + M       O3 + M 

                                 k' 
When M = O2, Benson and Axworthy (J. Chem. Phys. 26, 1718 (1957)) obtained 

k = (6.0 x 107 L2 mol-2 s-1)e2.5/RT 
where the activation energy is in kJ mol-1. Calculate the values of the parameters in the 
Arrhenius equation for the reverse reaction assuming ∆H° and ∆S° are independent of 
temperature. 

20.35 Derive the steady-state rate equation for the following mechanism for a trimolecular 
reaction. 
                      k1                                      k2 

A + A      A2
*           A2

*  +  M   →   A 2   +  M  
                      k-1 
20.36 For the mechanism 

                k1                                         k2                                
H2 + X2    2HX              X + H2       HX + H  
                k-1                                        k-2 
                k3                                         k4                                
         X2      2X                 H + X2       HX + X  
                k-3                                        k-4 

show that the steady-state rate law is 
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20.37 The mechanism of the pyrolysis of acetaldehyde at 520 °C and 0.2 bar is  

CH3CHO    →    CH3 + CHO,  k1 

CH3 + CH3CHO   →  CH4 + CH3CO,  k2 
CH3CO   →   CO + CH3,  k3 
CH3 + CH3 →  C2H6,  k4 
 

What is the rate law for the reaction of acetaldehyde, using the usual assumptions? (As a 
simplification further reactions of the radical CHO have been omitted and its rate equation 
may be ignored.) 



ANSWERS 

 

CHAPTER 20 EXPERIMENTAL GAS KINETICS  
 
20.1  1.56%. 
20.2 First order, 6.27 x 10-5 s-1. 
20.3 1.22 x 10-4 s-1. 
20.5 15.7 s-1. 
20.6 (a) t1/2 = 1/k[A]0; (b) 7.91 x 10-2 L mol-1 s-1; (c) 1.22 x 10-3 bar-1 s-1 

(d) 1.31 x 10-22 cm3 s-1. 
20.7 Second order, 0.675 L mol-1 min-1. 
20.8 3.73 x 109 L mol-1 s-1. 
20.9 26.3 min. 
20.10 (a) Second order; (b) 0.59 L mol-1 s-1 . 
20.11 103 L2 mol-2 s-1, 2.76 x 10-39 cm6 s-1. 
20.12 (a) 6.25; (b) 14.3; (c) 0%. 
20.13  [A]0

½ – [A]½ = ½kt,    t½ = (2½k-1)( 2½ – 1)[A]0
½ 

20.15  a = 0, b = [R]0k, and c = [R]0k2/2. 
20.16   1.000 ± 0.005 mol L-1 h-1. 
20.17   d[OI-]/dt =  (60 s-1)[I-][OCl-]/[OH-]  
20.18   5.78 x 10-4 s-1.  
20.19   3.65, 6.39, 9.98, 13.14 x 10-12.  
20.20   k[B][C]/[A], k[B]½[C]½.  
20.21    k1k4 = k2 k3.  
20.22   (b) 88.1 kJ mol-1; (c) 8.4 x 1011 s-1.  
20.23   (a) 15.1 kJ mol-1; (b) 2.27.  
20.24   (a) 76 °C; (b) -3 °C.  
20.25    1420s.  
20.26    (a) d[D]/dt = k1k3[A][B]/(k2+k3); (b) Ea = Ea1 + Ea3 - Ea2.   A =A1A3/A2.   
20.28    d[NO2]/dt  = k[NO]2[O2].   
20.29    d[D]/dt = klk3[A][C]/(k2 + k3[C]).  
20.30    3.4 x 103 cm3 mol-1 s-1.  
20.32     1.2 x 108 L mol-1 s-1.  
20.33     A = 4.4 x 1010 L mol-1 s-1; Ea = 18.9 kJ mol-1.  
24.34     A = 1.1 x 1013 L mol-1 s-1; Ea = 104 kJ mol-1.  
20.35    d[A2]/dt = k1k2[M][A]2/(k-1 + k2[M])  
20.37    d[CH3CHO]/dt = -k2(k1/2k4)½ [CH3CHO]3/2.  
 


