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1) Consider the hypothetical aqueous raeaction :
A(aq) B(aq) . A flask is charged with 0.065 mol of A in total volume of 100.0
ml. The following data are collected.
Time (min) 0 10 20 30 40
Moles of A 0.065 0.051 0.042 0.036 0.031
(a) Calculate the number of moles of B at each time in the table. Assume that
there are no molecules of B  at time zero.
(b) Calculate the average rate of disappearance of A for each 10 min interval,
in units of mol/sec.
(c) Between t = 10 min and t = 30 min, what is average rate of appearance of B
in unit M/sec.
Answer :
Time(min) Mol A (a) Mol B Mol A (b)  Rate (∆ mol A/Sec)

0 0.065 0.000
10 0.051 0.014 –0.014 2.3 × 10–5

20 0.042 0.023 – 0.009 1.5 × 10–5

30 0.036 0.029 – 0.006 1.0 × 10–5

40 0.031 0.034 – 0.005 0.8 × 10–5

(c) ∆ [B]avg/∆t = 1.3 × 10–4 M/sec.
2) (a) Consider the combustion of H2(g) according to the reaction.

2H2(g) + O2(g) 2H2O(g). If hydrogen is burning at the rate
of 4.6 mol/sec, what is the rate of consumption of oxygen ? What is the rate of
fomation of water vapor ?
(b) The reaction 2NO(g) + Cl2(g) 2NOCl(g) is carried out in closed vessel. If
the partial pressure of NO is decreasing at the rate of 30 torr/min, what is the rate
of change of the total pressure of the vessel ?

       Ans :
(a)      = 2.3 mol/sec, ∆ H2O/∆t = 4.6 mol/sec.
(b)  P total decreases by 15 torr/min.

3) Consider the following reaction :
2 NO(g) + 2 H2(g) N2(g) + 2 H2O(g)

(a) The rate law for this reaction is first order in H2 and second order in NO. Write
the rate law.
(b) If the rate constant for this reaction at 1000 K is 6.0 × 104 M–2 sec–1.
(c) What is the reaction rate at 1000 K when the concentration of NO is doubled,
to 0.10 M, while the concentration of H2 is 0.010 M ?
Ans : (a)  r = K[H2] [NO]2 (b)  r = 1.5 M/sec (c)  r = 6.0 M/sec

4) For a reaction of the type A+B+C products the following observations are made
Doubling the concentration of A doubles the rate, tripling the concentration of B has
no effect on the rate and tripling the concentration of C increases the rate by a factor
of 9.
(a) What is the rate law for the reaction ?
(b) By what factor will the rate change if the concentrations of A, B and C are all
halved.
Ans :  (a)  rate = k[A] [C]2

(b)  new rate = 1/8 of old rate
5) Based on their activation energies and energy chnges, which of the following reac-

tions would be fastest and which would be slowest ? Assume that all collision factors
are the same.
(a) Ea = 55 KJ/mol   ∆ E = – 45 KJ/mol
(b) Ea = 65 KJ/mol   ∆ E = – 10 KJ/mol
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(c) Ea = 35 KJ/mol   ∆ E = 10 KJ/mol
Ans : Reaction (c) is fastest and reaction (b)  is slowest

6) A certain first-order reaction has a rate constant of 1.75 × 10–1 sec–1 at 20ºC. What is
the value of k at 60ºC if :
(a) Ea = 55.5 KJ/mol (b) Ea = 121 KJ/mol
Ans :  (a)  K = 2.7 sec–1

(b)  K = 68 sec–1

7) The rate of the reaction :
CH3COOC2H5(aq) + OH–(aq) CH3COO– (aq) + C2H2OH(aq)

was measured at several temperature, and the following data were collected :
Temperature (ºC) K (M–1 sec–1)

15 0.0521
25 0.101
35 0.184
45 0.332

using these data, construct a graph of  lnk  versus 1/T . using your graph, deter-
mine the value of Ea.
Ans : A plot of ln K vs 1/T has a slope of – 5.71× 103 ; Ea = – R(slope) = 47.5 KJ/mol

8) The activation energy of an uncatalyzed reaction is 85 KJ/mol. The addition of a
catalyst lowers the activation energy to 55 KJ/mol. Assuming that the colision factor
remains the same, by what factor will the catalyst increase the rate of the reaction at
(a) 25ºC (b) 125ºC
Ans :   (a) The catalyzed reaction is approximately 180,000 timer faster at 25ºC

(b)  The catalyzed reaction is 8700 timer faster at 125ºC.
9) For the elementry process :

N2O5(g) NO2(g) + NO3(g), the activation energy, (Ea) and the overall ∆ E are
154 KJ/mol and 136 KJ/mol, respectively.
(a) Sketch the energy profile for this reaction and label Ea, and ∆ E.
(b) What is the activation energy for the reverse reaction ?

(a)

(b) Ea (Reverse) = 18KJ/mol
10) The reaction 2 NO(g) + Cl2(g)    2 NOCl(g), obeys the rate law,

rate = k[NO]2 [Cl2 ]. The following mechanism has been proposed for this reaction :
NO(g) + Cl2(g) NOCl2(g)

NOCl2(g) + NO(g)     2 NOCl(g)

(a) What would the rate law be if the first step were rate determining ?
(b) Based on the observed rate law, what can be conclude about the relative rates
of the two step ?
Ans :  (a)  rate = k[NO] [Cl2 ].

(b)  The second step must be slow relative to the its step.
11) From the following data, estimate the activation energy for the reaction

H2 + I2 2 HI
T, K 1/T k–1 log k
769 1.3 × 10–3 2.9
667 1.5 × 10–3 1.1

12) The trans – cis isomerization of 1, 2-dichloroethylene proceeds with an energy of
activation of 55.3 k.Cal/mol ∆ H associated with the reaction is 1.0 k.Cal. What do
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you predict is value of Ea for the reverse cis trans isomerization ?
Ans : 54.3 k Cal/mol

13) In a certain polluted atmosphere containing O3 at a steady state concentration of
2.0× 10–8 M, the hourly production of O3 by all source was estimated as 7.2× 10–15

mol/L. If the only mechanism for destruction of O3 is the second order reaction
2O3       2O2, calculate the rate constant for the destruction reaction, defined by
the rate low for

Ans : K = – = 5.0 × 10–3 L mol–1 sec–1

14) The rate constant for the first order decomposition of ethylene oxide into CH4 and CO
may be described by log K (in sec–1) =
(a) What is the energy of activation for this reaction.
(b) What is the value of k at 670 k.
Ans :  (a)  Ea = 239 KJ/mol

(b)  K= 4.8 × 10–5 sec–1

15) According to the figure, the enthalpy change for the reaction A+B    → M+N is
represented by what value.

Ans : y

16) According to the above figure, M + N →  A + B of the reaction activation energy is
represented by what value.
Ans : (x + y)

17) A viral preparation was inactivated in a chemical both. The inactivation process was
found to be first order in virus concentration, and at the beginging of the expriment
2% of the virus was found to be inactivated per minutes Evaluate K for the activation
process.
Ans : 3.3 × 10–4 sec–1

18) For the process described in problem number – 17, how much time would be re-
quired for the virus to become :
(a) 50 % inactivated (b) 75 % inactivated
Ans :  (a)  35 Min

(b)  70 Min
19) If in the fermentation of sugar in an enzymatic solution that is initially 0.12 M the

concentration of the sugar is reduced to 0.06 M in 10 h and to 0.03 M in 20 hr. What
is the order of the reaction and what is the rate constant ?
Ans : k = 1.9 × 10–5 sec–1

20) A possible mechanism for the reaction :
2H2 + 2NO N2 + 2H2O is

2 NO N2O2
   N2O2 + H2 N2O +H2O
    N2O + H2 N2 + H2O

If the second step is the rate determining, what is the rate law for this reaction ?
Ans : rate = k [NO]2 [H2 ]
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21) Which of the following will react fastest (produce must product in a given time) and
which will react at the highest rate?
(a) 1.0 mol of A and 1.0 mol if B in 1.0 L vessel.
(b) 2 mol of A and 2.0 mol of B in a 2.0 L vessel.
(c) 0.2 mol of A and 0.2 mol of B in 0.11 vessel.

Ans : (b) - fastest, (c) - Highest rate
22) A 1st order reaction is 50% complete in 30 minutes at 27ºC and in 10 minutes at

47ºC. Calculate the :
(a)  Rate constant for reaction at 27ºC and 47ºC,
(b)  Energy of activation for the reaction.
Ans:   (a)  6.93 × 10–2 minute–1

(b)  43.85 kJ mol–1

23) The rate constant for the first order decomposition of a certain reaction is given by
the equation.

ln K(sec–1) = 14.34 –

Calculate :
(a)  The energy of activation.
(b)  The rate constant at 500 K
(c)  At what temperature will its half life period be 256 minutes ?
Ans :  (a)  24.83 K cal mole–1

(b)  2.35 × 10–5 sec –1

(c)  513 K
24) For A + B → C +D; ∆H = 20 kJ mole–1; the activation energy of the forward reaction is

85 kJ/mole. Calculate activation energy of the reverse reaction.
Ans : 65 kJ mole–1

25) The progress of the reaction A  nB with time is presented in the figure. Determine:
(i)  The value of n.
(ii)  The equilibrium constant, K and .
(iii)  The initial rate of conversion of A.

Ans : (i)  n = 2 (ii)  1.2 mole liter–1 (iii)  0.1 mole liter–1 hour –1

26) The rate of change in concentration of C in the reaction 2A + B → 2C + 3D was
reported as 1.0 mole litre–1sec–1. Calculate the reaction rate as well as rate of change
of concentration of A, B and D.
Ans : 0.5 mole litre–1 sec–1

27) The rate law of a chemical reaction given below:
2NO + O2  →  2NO2

is given as rate = K[NO]2 [O2]. How will the rate of reaction change if the volume of
reaction vessel is reduced to 1/4th of its original value ?
Ans : 64

28) Rate of a reaction A + B → P; is given below as a function of different initial concen-
tration of A and B.
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     [A]     [B] Rate
mole litre–1 mole litre–1 mole litre–1 time–1

    0.01    0.01 0.005
    0.02    0.01 0.010
    0.01    0.02 0.005

Determine order of reaction with respect to A and B. What is half life of A in the
reaction ?
Ans : 1.386 time

29) The following data are for the reaction A + B →  products :
conc. of A (M) conc. of B (M) Initial Rate(mol L–1 s–1)
    0.1    0.1 4.0 × 10–4

    0.2    0.2 1.6 × 10–3

    0.5    0.1 1.0 × 10–2

    0.5    0.5 1.0 × 10–2

(a)  What is the order with respect to A and B for the reaction ?
(b)  Calculate the rate constant.
(c)  Determine the reaction rate when the concentrations of A and B are 0.2 M and
      0.35 M respectively.
Ans :  (a)  Rate = K [A]2  [B]0

(b)  K = 4 × 10–2 litre mole –1 sec –1

(c)  Rate = 16 × 10–4 mole litre –1 sec –1

30) Starting with one mole of a compound A, it is found that the reaction is 3/4 com-
pleted in 1 hour. Calculate the rate constant if the reaction is of :
(a)  I order
(b)  II order
Ans :  (a)  1.386 hr.–1

(b)  3 mole–1 hr.–1

31) The half time of first order decomposition of nitramide is 2.1 hour at 15ºC.
NH2BO2aq   →  N2O(g) + H2O(l)

If 6.2 g of NH2NO2 is allowed to decompose, calculate:
(i)  Time taken for NH2NO2 is decompose 99%
(ii)  Volume of dry N2O produced at this point measured at S.T.P.
Ans :  (i)  13.95 hours

(ii)  2.217 litre
32) Show that for a first order reaction, time required for 99% completion is twice for the

time required for the completion of 90% of the reaction.
Ans :  2 × t90%

33) For the reaction A →  B, the rate law expression is –         = K[A]1/2. If initial concen-
tration of A is AO. Calculate :
(a)  Intergrated form of the rate expression.
(b)  Nature of plot of [A]1/2 vs. time.
(c)  Half life period.
Ans :  (a)  2[Ao

1/2– A1/2]= Kt
(b)  Linear (c)  Ao

1/2

34) Ethylene is produced by
C4H8  2C2H4

The rate constant is 2.48 × 10–4 sec–1. In what time will the molar ratio of the ethylene

d[A]
dt

∆

Cyclobutane

√2(√2–1)
K
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to cyclobutane in reaction mixture attain the value (a) 1,  (b) 100 ?
Ans :  (a)  27.25 minutes

(b)  264.2 minutes
35) A drop of solution (volume 0.05 mL) contains 3.0 × 10–6 moles of H+. If the rate

constant of desappearance of H+ is 1.0 × 107 mole litre–1 sec–1. How long would it take
for H+ in drop to disappear ?
Ans :  6 × 10–9 sec

36) The decomposition of Cl2O7 at 400 K in the gas phase to Cl2 is of order. After 55 sec
and O2 at 400 K , the pressure of Cl2O7 falls from 0.062 to 0.044 atm. Calculate :
(a)  The rate constant.
(b)  Pressure of Cl2O7 after 100 sec.
Ans :  (a)  6.23 × 10–3 sec–1

(b)  0.033 atm
37) The following data represent for the decomposition of NH4NO2 in aqueous solution.

Time in minutes 10 15 20 25     ∞
Volume of N2 (in mL)        6.25           9.0         11.40         13.65  33.05
(a)  Show that reaction is of 1 order
(b)  Calculate velocity constant.
Ans :  (b)  2.0 × 10–2 min–1

38) Derive O.R. for the decomposition of H2O2 from the following data.
Time in minutes 0 10 20 30
Volume of KMnO4
Needed for H2O2 25 16 10.5 7.09
Ans :  (i)  4.46 × 10–2 min–1

(ii)  4.34 × 10–2 min–1

(iii)  4.20 × 10–2 min–1

39) Derive the O.R. for decomposition of H2O2 from the following data.
Time in minutes 10     15 20        25      ∞
Volume of O2 given by H2O2 6.30     8.95 11.40        13.5     35.75
Ans : 1.92 × 10–2 min–1

40) The inversion of cane sugar proceeds with constant half life of 500 minutes at PH = 5
for any concentration of sugar. However, if PH = 4, the half life changes to 50 min-
utes. Derive the rate law for inversion of cane sugar.
Ans :  K [sugar]1 [ H+ ]2

41) The gas phase decomposition of dimethyl ether follows first order kinetics,
CH3OCH3(g) →  CH4(g) + H2(g) + CO(g)

The reaction is carried out in a constant volume container at 500ºC and has a half
life of 14.5 minutes. Initially only dimethyl ether is present at a pressure of 0.40
atmosphere. What is the total pressure of the system after 12 minutes ? Assume
ideal gas behaviour.
Ans :  0.75 atm

42) Two I order reactions proceed at 25ºC at the same rate. The temperature coefficient
of the rate of the first reaction is 2 and that of second reaction is 3. Find the ratio of
the rates of these reactions at 75ºC.
Ans :  7.5937

43) For a homogeneous gaseous reaction, A  →  B + C +D; the initial pressure was PO
while pressure after time t was P. Derive an expression for rate constant K in terms
of PO, P and t. Assume I order reaction.
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Ans : K =        log

44) The half life period of a reaction is 80 minutes at a certain concentration. When
initial concentration is halved, the half life period is also reduced to half. What is
O.R  ?
Ans : Zero

45) At the instant when NH3 is reacting at a rate of 0.80 M/min, what is the rate at which
the other reactant is disappearing, and what is the rate at which each product is
being formed ?

4NH3 + 5O2 4NO + 6H2O
Ans :  –d[O2]/dt = 1.0 M/min, +d[NO]/dt = 0.80 M/min, d[H2O]/dt = 1.2 M/min

46) Use times expressed in seconds to give the units of the rate constant for reactions
that are overall (a) first order ; (b) second order ; (c) third order ; (d) of order 1½.
Ans : (a)  Do yourself

(b) ”
(c) ”
(d) ”

47) Rate data were obtained for the following reaction at 25ºC. What is the rate-law
expression for the reaction ?

2A + B + 2C D + 2E
Initial Initial Initial Initial rate of

Expt.   [A]   [B]   [c] Formation of D

  1 0.10 M 0.20 M 0.10 M 5.0 × 10–4 M/min
  2 0.20 M 0.20 M 0.30 M 1.5 × 10–3 M/min
  3 0.30 M 0.20 M 0.10 M 5.0 × 10–4 M/min
  4 0.40 M 0.60 M 0.30 M 4.5 × 10–3 M/min

Ans : (2.5 × 10–2) [B][C]

48) The reaction 2NO + O2 →  2NO2 gives the following initial rates.

  [NO]O   [O2]O    Initial rate of
Expt. (mol/L) (mol/L) Disappearance of NO

  1 0.020 0.010 1.0 × 10–4 M/s
  2 0.040 0.010 4.0 × 10–4 M/s
  3 0.020 0.040 4.0 × 10–4 M/s

( Reminder : Express the rate of reaction in terms of the rate of change of concentra-
tion of each reactant and each product.)
(a)  Write the rate-law expression for this reaction.
(b)  Find the rate of reaction at the instant when [NO] = 0.045 M and [O2] = 0.025 M.
(c)  At the time described in part (b), what will be the rate of disappearance of NO ?
      the rate of disappearance of O2 ? the rate of formation of NO2 ?
Ans :  (a)  12 [NO]2 [O2 ]

(b)  6.1 × 10–4

(c)  –d(NO)/dt = 1.2 × 10–3, –d(O2)/dt = 6.1 × 10–4, +d(NO2}/dt = 1.2 × 10 –3

49) The rate expression for the following reaction is Rate = k[A]2 [B2].If, during a reaction,

2.303
t

2PO
3PO – P
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the concentrations of both A and B2 were suddenly halved, the rate of the reaction
would.......... by a factor of ...............

A + B2 products
Ans : Decrease, 8

50) Rate data were collected for the following reaction at a particular temperature.
2ClO2(aq) + 2OH– (aq)             ClO3

– (aq) + ClO2
– (aq) + H2O(l)

 [ClO2]O  [OH– ]O Initial rate of
Expt. (mol/L) (mol/L)    Reaction

  1 0.015 0.015 3.88 × 10–4 M/s
  2 0.030 0.015 1.55 × 10–3 M/s
  3 0.015 0.030 7.76 × 10–4 M/s
  4 0.030 0.030 3.11 × 10–3 M/s

(a)  What is the rate-law expression for this reaction.
(b)  Describe the order of the reaction with respect to each reactant and to the overall
      order.
Ans :  (a)  (1.1 × 10–2) [ ClO2]2 [OH– ]

(b)  Two order w.r.t. ClO2, First order w.r.t. OH– and Third order overall
51) Consider a chemical reaction of compounds A and B that was found to be first order

in A and second order in B. From the information given below, fill in the blanks.

Expt. Rate (M . s–1)   [A]    [B]

  1 0.050 1.0 M 0.20 M
  2 2.0 M 0.20 M
  3 2.0 M 0.40 M

Ans :  Exp(2)- rate = 0.10 M/sec, Exp(3)- rate = 0.40 M /sec
52) The second-order rate constant for the following gasphase reaction is .0488 M–1. s–1.

We start with 0.120 mole C2F4 in a 2.00-litre container, with no C4F8 initially present.

2C2F4 C4F8

(a)  What will be the concentration of C2F4 after 1.00 hour ?
(b)  What will be the concentraion of C4F8 after 1.00 hour ?
(c)  What is the half-life of the reaction for the initial C2F4 concentration given in part
     (a) ?
(d)  How long will it take for half of the C2F4 that remains after 1.00 hour to disappear
Ans :  (a)  2.72 × 10–2 M

(b)  2.86 × 10–2 M
(c)  171 sec
(d)  3.77 × 103 sec

53) For the reaction
2NO2 2NO + O2

the rate equation is
Rate = 1.4 × 10–10 M–1 . s–1[NO2]

2   at 25ºC
(a)  If 4.00 mole of NO2 is initially present in a sealed 2.00-L vessel at 25ºC, what is
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       the half-life of the reaction ?
(b)  Refer to (a). What concentration and how many grams of NO2 remain after 125
      years ?
(c)  Refer to (b). What concentration of NO would have been produced during the
      same period of time?
Ans :  (a)  1.8 × 109 sec

(b)  57 g NO2
(c)  [NO2 ]produced = 1.38 M

54) Cyclopropane rearranges to form propene

in a reaction that follows first-order kinetics. At 800 K , the specific rate constant for
this reaction is 2.74 × 10–3 s–1. Suppose we start with a cyclopropane concentration
of 0.250 M. How long will it take for 99.0% of the cyclopropane to disappear accord-
ing to this reaction ?
Ans :  1680 sec or 28.0 min

55) The following data were obtained from a study of the decomposition of a sample of HI
on the surface of a gold wire. (a) Plot the data to find the order of the reaction, the
rate constant, and the rate equation. (b) Calculate the HI concentration in m mol/L
at 900 sec.

t (seconds) [HI] (mol/L)

      0    5.46
  250    4.10
  500    2.73
  750    1.37

Ans :  (a)  Do yourself
(b)  0.55 M

56) At some temperature, the rate constant for the decomposition of HI on a gold surface
is 0.080 M . s–1.

2HI(g) H2(g) + I2(g)

(a)  What is the order of the reaction ?
(b)  How long will it take for the concentration of HI to drop from 1.00 M to 0.10 M ?
Ans :  (a)  Zero order

(b)  5.6 sec
57) The enzyme carbonic anhydrase catalyzes the hydration of CO2,  CO2 + H2O →  H2CO3,

a critical reaction involved in the transfer of CO2 from tissues to the lung via the
bloodstream. One enzyme molecule hydrates 106 molecular of CO2 per second. How
many kilograms of CO2 are hydrated in 1 hour in 1 L by 5 × 10–6 M enzyme ?
Ans :  8 × 102 kg CO2 / L hr.

58) The following gas-phase reaction is first order:

C C

C
H H

HH

H H

C
C C

H H

H

HH

H

cyclopropane propene
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N2O5 NO2 + NO3
The activation energy of this reaction is measured to be 88 kJ/mol. The value of k at
0ºC is determined to be 9.16 × 10–3 s–1.
(a)  What would be the value of k for this reaction at room temperature, 25ºC ?
(b)  At what temperature would this reaction have a k value of 6.00 × 10–2 s–1 ?

Ans :  (a)  0.23 sec –1

(b)  287 K or 14ºC
59) The energy of activation for a hypothetical reaction A + B →  C is 345 kJ/mole for the

uncatalyzed reaction and 165 kJ/mol for the reaction catalyzed on a metal surface.
∆E for this reaction 90 kJ/mol of reaction. Draw and label a reaction coordinate with
its potential energy.
Ans :  Do yourself

60) The rate of the hemoglobin (Hb)-carbon monoxide reaction, 4Hb + 3CO → Hb4(CO)3,
has been studied at 20ºC. Concentrations are expressed in micromoles per litre
(µmol/L):

          Concentration               Rate of
    (µµµµµmol/L)           Disappearance
  [Hb)      [CO]         of Hb ((µµµµµmol/L .  s)

 3.36     1.00      0.941
 6.72     1.00      1.88
 6.72     3.00      5.64

(a)  Write the rate equation for the reaction.
(b)  Calculate the rate constant for the reaction.
(c)  Calculate the reate, at the instant when [Hb] = 1.50 and [CO] = 0.600 µmol/L .
Ans :  (a)  Rate = K[Hb] [CO]

(b)  0.280 L/µ mol.sec
(c)  0.252 µ mol/L.sec

61) The decomposition of N2O5 according to aquation 2N2O5(g) →  4NO2(g) + O2(g) is a first
order reaction. After 30 minutes from start of the decomposition in a closed vessel,
the total pressure developed is found to be 284.5 mm of Hg and on complete decom
position, the total pressure is 584.5 mm of Hg. Calculate the rate constant of reac-
tion.
Ans : 5.206 × 10–3 minute–1

62) At 100ºC, a gaseous reaction A →  B + 2C; is observed to be of I order. On starting
with pure A, at the end of 14 minutes, the total pressure was found to be 264 mm of
Hg. After a long time the total pressure of the system was 450 mm of Hg. Calculate :
(a)  Initial pressure of A.
(b)  Rate constant of reaction.
(c)  Half life period of reaction.
Ans:   (a)  150 mm

(b)  3.415 × 10–2 minute–2

(c)  20.29 minute


