
Objective Questions I (Only one correct option)

1. NO2 required for a reaction is produced by the

decomposition of N O2 5 in CCl4 as per the equation,

   2N O 4NO O2 5 2 2( ) ( ) + ( )g g g¾®

The initial concentration of N O2 5 is 3.00 mol L-1 and it is 

2.75 mol L-1 after 30 minutes. The rate of formation of NO2

is (2019 Main, 12 April II)

(a) 4167 10 3. ´ -  mol L-1 min-1 (b) 1667 10 2. ´ -  mol L-1 min-1 

(c) 8 333 10 3. ´ -  mol L-1 min-1 (d) 2 083 10 3. ´ -  mol L-1 min-1 

2. In the following reaction; xA yB®
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A and B respectively can be (2019 Main, 12 April I)

(a) n-butane and iso-butane (b) C H2 2 and C H6 6

(c) C H2 4 and C H4 8 (d) N O2 4 and NO2

3. For the reaction of H2 with I2, the rate constant is 

2 5 10 4 1 1. ´ - - -dm mol s3  at 327ºC and 10 3 1 1. dm  mol  s- -

at 527ºC. The activation energy for the reaction, in

kJ mol- 1 is (R = - -8 314 1 1. JK  mol ) (2019 Main, 10 April II)

(a) 59 (b) 72 (c) 150 (d) 166

4. A bacterial infection in an internal wound grows as 
N t N¢ =( ) 0  exp ( )t , where the time t is in hours. A dose of
antibiotic, taken orally, needs 1 hour to reach the wound.
Once it reaches there, the bacterial population goes down as 
dN

dt
N= - 5 2. What will be the plot of 

N

N
0  vs t after 1 hour ?

(2019 Main, 10 April I) 

5. Con sider the given plot of enthalpy of the fol low ing re ac tion
be tween A and B. A  B C+D+ ¾®

Identify the incorrect statement. (2019 Main, 9 April II)

(a) D is kinetically stable product.

(b) Formation of A and B from C has highest enthalpy of activation.

(c) C is the thermodynamically stable product.

(d) Activation enthalpy to form C is 5 kJ mol-1 less than that to
form D. 

6. The given plots represent the variation of the concentration
of a reaction R with time for two different reactions (i) and
(ii). The respective orders of the reactions are

(2019 Main, 9 April I)

(a) 1, 1 (b) 0, 2
(c) 0, 1 (d) 1, 0

7. For a reaction scheme, A B C
k k

¾® ¾®
1 2

, if the rate of
formation of B is set to be zero then the concentration of B is
given by (2019 Main, 8 April II)
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(c) ( )[ ]k k A1 2- (d) ( )[ ]k k A1 2+

8. For the reaction, 2 +A B C® , the values of initial rate at

different reactant concentrations are given in the table below.

The rate law for the reaction is (2019 Main, 8 April I)
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[A](mol L 1- ) [B](mol L 1- ) Initial rate 

(mol L s1- -1)

0.05 0.05 0.045

0.10 0.05 0.090

0.20 0.10 0.72

(a) rate = k A B[ ][ ]2 (b) rate = k A B[ ] [ ]2 2

(c) rate = k A B[ ][ ] (d) rate = k A B[ ] [ ]2

9. For a reaction, consider the plot of ln k versus 1/ T  given in
the figure. If the rate constant of this reaction at 400 K is 

10 5 1- -s , then the rate constant at 500 K is

(2019 Main, 12 Jan II)

(a) 4 10 4 1´ - -s (b) 10 6 1- -s

(c) 10 4 1- -s (d) 2 10 4 1´ - -s

10 Decomposition of X  exhibits a rate constant of 0.05 mg/year.
How many years are required for the decomposition of 5 mg
of X  into 2.5 mg? (2019 Main, 12 Jan I)

(a) 20 (b) 25 (c) 40 (d) 50

11. The reaction, 2 X ® B is a zeroth order reaction. If the initial
concentration of X is 0.2 M, the half-life is 6 h. When the
initial concentration of X is 0.5 M, the time required to reach
its final concentration of 0.2 M will be (2019 Main, 11 Jan II)

(a) 7.2 h (b) 18.0 h (c) 12.0 h (d) 9.0 h

12. If a reaction follows the Arrhenius equation, the plot lnk vs
1/(RT) gives straight line with a gradient (- y) unit. 
The energy required to activate the reactant is

(2019 Main, 11 Jan I)

(a) 
y

R
 unit (b) - y unit (c) yR unit (d) y unit

13. For an elementary chemical reaction,

 A A
k

k

2
1

1

2=
-

 , the expression for 
d A

dt

[ ]
 is

(2019 Main, 10 Shift II)

(a)  2 1 2 1
2k A k A[ ] [ ]- - (b) k A k A1 2 1

2[ ] [ ]- -

(c) 2 21 2 1
2k A k A[ ] [ ]- - (d) k A k A1 2 1

2[ ] [ ]+ -

14. Consider the given plots for a reaction obeying Arrhenius
equation (0°C < T < 300°C) : ( k and Ea  are rate constant and
activation energy, respectively) (2019 Main, 10 Jan I)

Choose the correct option.
(a) Both I and II are wrong
(b) Both I and II are correct
(c) I is wrong but II is right
(d) I is right but II is wrong

15 For the re ac tion, 2A B+ ¾® products

When concentration of both (A and B) becomes double, then

rate of reaction increases from 0.3 mol L -1 s-1 to 

2.4 mol L-1 s-1.

When concentration of only A is doubled, the rate of reaction

increases from 0.3 mol L-1 s-1 to 0.6 mol L-1 s-1.
Which of the following is true? (2019 Main, 9 Jan II)

(a) The whole reaction is of 4th order
(b) The order of reaction w.r.t. B is one
(c) The order of reaction w.r.t. B is 2
(d) The order of reaction w.r.t. A is 2

16 The following results were obtained during kinetic studies of
the reaction; (2019 Main, 9 Jan I)

2A B+ ¾®  Products 

Experiment
[A]

(in mol L-1)

[B]

(in mol L-1)

Initial rate of
reaction

(in mol L-1 min-1)

   I. 0.10 0.20 6 93 10 3. ´ -

  II. 0.10 0.25 6 93 10 3. ´ -

III. 0.20 0.30 1386 10 2. ´ -

The time (in minutes) required to consume half of A is 
(a) 5 (b) 10
(c) 100 (d) 1

17. Which of the following lines correctly show the temperature
dependence of equilibrium constant, K , for an exothermic
reaction? (2018 Main)

(a) A and B (b) B and C

(c) C and D (d) A and D

18. At 518°C, the rate of decomposition of a sample of gaseous
acetaldehyde, initially at a pressure of 363 Torr, was 1.00

Torr s-1 when 5% had reacted and 0.5 Torr s-1 when 33%
had reacted. The order of the reaction is : (2018 Main)

(a) 2 (b) 3
(c) 1 (d) 0

19. Two reactions R1 and R2 have identical pre- exponential

factors. Activation energy of R1 exceeds that of R2 by 10 kJ 

mol- 1. If k1 and k2 are rate constants for reactions R1 and R2,

 respectively at 300 K, then ln
k

k
2

1
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÷ is equal to 

( . )R = - -8 314 J mol K 1  1
(2017 Main)

(a) 8 (b) 12 (c) 6 (d) 4
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20. Decomposition of H O2 2 follows a first order reaction. In 50

min, the concentration of H O2 2 decreases from 0.5 to 0.125 M
in one such decomposition. When the concentration of H O2 2

reaches 0.05 M, the rate of formation of O2 will be (2016 Main)

(a) 6.93  10 4´ -  mol min 1- (b) 2.66 L min  at STP1-

(c) 1.34  10 2´ -  mol min 1- (d) 6 93 10 2. ´ -  mol min 1-

21. Higher order (>3) reactions are rare due to (2015 Main)

(a) low probability of simultaneous collision of all the reacting
species

(b) increase in entropy and activation energy as more molecules are
involved

(c) shifting of equilibrium towards reactants due to elastic collisions

(d) loss of active species on collision

22. For the elementary reaction, M N¾® , the rate of

disappearance of M  increases by a factor of 8 upon doubling the 
concentration of M . The order of the reaction with respect to M
is (2014 Adv.)

(a) 4 (b) 3
(c) 2 (d) 1

23. For the non-stoichiometric re ac tion, 2 A B C D +    + ® , the

fol low ing ki netic data were ob tained in three sep a rate
ex per i ments, all at 298 K. (2014 Main)

Initial  
concentration 

[ ]A

Initial 
concentration

[ ]B

Initial rate of 
formation of C 

(mol L-1s-1)

(i) 0.1 M 0.1 M 1 2 10 3. ´ -

(ii) 0.1 M 0.2 M 1 2 10 3. ´ -

(iii) 0.2 M 0.1 M 2 4 10 3. ´ -

The rate law for the formation of C is

(a) 
dC

dt
 = k A B[ [ ]] (b) 

dC

dt
 = k A B[ ] [ ]2

(c) 
dC

dt
 = k A B[ ][ ] 2 (d) 

dC

dt
 = k A[ ]

24. In the re ac tion, P Q R S+ ¾® + , the time taken for 75%
reaction of P is twice the time taken for 50% reaction of P. The
concentration of Q varies with reaction time as shown in the
figure. The overall order of the reaction is (2013 Adv.)

(a) 2 (b) 3 (c) 0 (d) 1

25. The rate of a re ac tion dou bles when its tem per a ture changes
from 300 K to 310 K. Ac ti va tion en ergy of such a re ac tion will

be (   8.314 JK  mol1 1R = - -  and log 2  0.301)=

(a) 53.6 kJ mol-1 (b) 48.6 kJ mol-1
(2013 Main)

(c) 58.5 kJ mol-1 (d) 60.5 kJ mol-1

26. Plots show ing the vari a tion of the rate con stant ( )k  with

tem per a ture ( )T  are given be low. The plot that fol lows
Arrhenius equa tion is (2010)

27. For a first or der re ac tion, A P® , the tem per a ture ( )T

de pend ent rate con stant ( )k  was found to fol low the
equa tion :

log k
T

= +
2000

6.0

the pre-exponential factor A and the activation energy Ea ,
respectively, are (2009)

(a) 1.0 ´ -106 1s  and 9.2 kJ mol- 1

(b) 6.0 s- 1 and 16.6 kJ mol- 1

(c) 1.0 ´ -106 1s  and 16.6 kJ mol- 1

(d) 1.0 ´ -106 1s  and 38.3 kJ mol- 1

28. Under the same reaction conditions, initial concentration

of 1.386 mol dm-3 of a substance becomes half in 40 s and

20 s through first order and zero order kinetics

respectively. Ratio 
k

k
1

0
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÷ of the rate constants for first

order ( )k1  and zero order ( )k0  of the reaction is
(2008, 3M)

(a) 0.5 mol-1 dm3 (b) 1.0 mol dm-3

(c) 1.5 mol dm-3 (d) 2.0 mol-1 dm3

29. Con sider a re ac tion, aG bH+ ® prod ucts. When

con cen tra tion of both the re ac tants G and H is dou bled, the 

rate in creases by eight times. How ever, when

con cen tra tion of G is dou bled keep ing the con cen tra tion of 

H fixed, the rate is dou bled. The over all or der of the

re ac tion is (2007, 3M)

(a) 0 (b) 1

(c) 2 (d) 3

30. Which one of the fol low ing state ment(s) is in cor rect about
or der of re ac tion? (2005, 1M)

(a) Order of reaction is determined experimentally

(b) Order of reaction is equal to sum of the power of
concentration terms in differential rate law 

(c) It is not affected with stoichiometric coefficient of the
reactants 

(d) Order cannot be fractional

(a)
k

T

(b)
k

T

(c)
k

T

(d)
k

T

[Q]0

[Q]

Time



31. (A) fol lows first or der re ac tion, ( )A ®  prod uct.

Con cen tra tion of A, changes from 0.1 M to 0.025 M in 
40 min. Find the rate of re ac tion of A when con cen tra tion of
A is 0.01 M. (2004, 1M)

(a) 3.47 10–4´  M min –1 (b) 3.47 ´ -10 5 M min –1

(c) 1.73 ´ -10 4 M min –1 (d) 1.73 ´ -10 5 M min –1

32. In a first or der re ac tion the con cen tra tion of re ac tant

de creases from 800 mol/dm3 to 50 mol/dm3 in 2 10 s4´ . The

rate con stant of re ac tion in s 1-  is (2003, 1M)

(a) 2 104´ (b) 3.45 10 5´ -

(c) 1.386 10 4´ - (d) 2 10 4´ -

33. Con sider the chem i cal re ac tion,
N ( ) + 3H ( ) 2NH ( )2 2 3g g g¾®

The rate of this reaction can be expressed in terms of time
derivatives of concentration of N ( ), H ( )2 2g g  or NH ( )3 g .
Identify the correct relationship amongst the rate expressions

(a) Rate
[N ] 1

3

[H ] 1

2

[NH ]2 2 3= - = - =
d

dt

dd

dt dt (2002, 3M)

(b) Rate
[N ] [H ]

2
[NH ]2 2 3= - = - =

d

dt

d

dt

d

dt
3

(c) Rate
[N ] 1

3

[H ] 1

2

[NH ]2 2 3= = =
d

dt

d

dt

d

dt

(d) Rate
[N ] [H ] [NH ]2 2 3= - = - =

d

dt

d

dt

d

dt

34. If I is the in ten sity of ab sorbed light and C is the
con cen tra tion of AB for the pho to chem i cal pro cess.

AB +   AB ,*hn ®  the rate of for ma tion of AB*  is di rectly

pro por tional to (2001, 1M)

(a) C (b) I

(c) I 2 (d) C × I

35. The rate con stant for the re ac tion, 2N O 4NO + O2 5 2 2¾®

is 3.0 10 s5 1´ - - . If the rate is 2.40 10 5´ -  mol L- 1 s- 1, then

the con cen tra tion of N O2 5 (in mol L- 1) is
(2000, 1M)

(a) 1.4 (b) 1.2

(c) 0.04 (d) 0.8

36. The half-life pe riod of a ra dio ac tive el e ment is 140 days.
Af ter 650 days, one gram of the el e ment will re duce to

(1986)

(a) 
1

2
 g (b) 

1

4
 g (c) 

1

8
 g (d) 

1

16
 g

37. A cat a lyst is a sub stance which (1983, 1M)

(a) increases the equilibrium concentration of the product

(b) changes the equilibrium constant of the reaction

(c) shortens the time to reach equilibrium

(d) supplies energy to the reaction

38. The spe cific rate con stant of a first or der re ac tion de pends on

the (1983, 1M)

(a) concentration of the reactant

(b) concentration of the product

(c) time

(d) temperature

39. The rate con stant of a re ac tion de pends on (1981, 1M)

(a) temperature 
(b) initial concentration of the reactants
(c) time of reaction
(d) extent of reaction

Objective Questions II 
(One or more than one correct option)

40. For a first order reaction A g B g C g( ) 2 ( )+ ( )¾®  at

constant volume and 300 K, the total pressure at the
beginning ( )t = 0  and at time t  are p0 and pt , respectively.

 Initially, only A is present with concentration [ ]A 0, and t1 3/

is the time required for the partial pressure of A to reach 1/3rd

of its initial value. The correct option(s) is (are) (Assume that 
all these gases behave as ideal gases) (2018 Adv.)

41. In a bimolecular reaction, the steric factor P was
experimentally determined to be 4.5. the correct option(s)
among the following is(are) (2017 Adv.)

(a) The activation energy of the reaction is unaffected by the value 
of the steric factor

(b) Experimentally determined value of frequency factor is higher
than that predicted by Arrhenius equation

(c) The value of frequency factor predicted by Arrhenius equation
is higher than that determined experimentally

(d) Since P = 4 5. , the reaction will not proceed unless an effective
catalyst is used

42. According to the Arrhenius equation, (2016 Adv.)

(a) a high activation energy usually implies a fast reaction

(b) rate constant increases with increase in temperature. This is
due to a greater number of collisions whose energy exceeds
the activation energy

(c) higher the magnitude of activation energy, stronger is the
temperature dependence of the rate constant

(d) the pre-exponential factor is a measure of the rate at which
collisions occur, irrespective of their energy

43. For the first or der re ac tion,

2N O 4NO O2 5 ( ) ( ) ( )g g g¾® 2 2+ (2011)

(a) the concentration of the reactant decreases exponentially with time

(b) the half-life of the reaction decreases with increasing temperature

(c) the half-life of the reaction depends on the initial concentration 
of the reactant

(d) the reaction proceeds of 99.6% completion in eight half-life
duration
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44. The fol low ing state ment (s) is are cor rect (1999, 3M)

(a) A plot of log Kp  vs 
1

T
 is linear

(b) A plot of log [X] vs time is linear for a first order reaction, 
x p®

(c) A plot of log p vs 
1

T
 is linear at constant volume

(d) A plot of pvs 
1

V
 is linear at constant temperature

45. For the first or der re ac tion, (1998, 2M)

(a) the degree of dissociation is equal to (1 - -e kt )

(b) a plot of reciprocal concentration of the reactant vs time gives a 
straight line

(c) the time taken for the completion of 75% reaction is thrice the 
1

2
 of the reaction

(d) the pre-exponential factor in the Arrhenius equation has the

dimension of time, T -1

46. A cat a lyst (1984, 1M)

(a) increases the average kinetic energy of reacting molecules

(b) decreases the activation energy

(c) alters the reaction mechanism

(d) increases the frequency of collisions of reacting species

Numerical Value

47. Consider the following reversible reaction,
    A g B g AB g( )+ ( ) ( )-

The activation energy of the backward reaction exceeds that

of the forward reaction by 2RT  (in J mol-1). If the
pre-exponential factor of the forward reaction is 4 times that

of the reverse reaction, the absolute value of DGs  (in J

mol-1) for the reaction at 300 K is ……… .

(Given ; ln( ) .2 0 7 2500 1= = -RT J mol  at 300 K and G is the

Gibbs energy) (2018 Adv.)

Passage Based Questions

Passage
Carbon-14 is used to determine the age of organic material. The

procedure is based on the formation of 14 C by neutron capture in the 
upper atmosphere.

7
14

0
1

6
14

1
1N C+ ¾® +n p

14 C is absorbed by living organisms during photosynthesis. The 14 C
content is constant in living organism once the plant or animal dies,

the uptake of carbon dioxide by it ceases and the level of 14 C in the
dead being, falls due to the decay which C-14 underoges

6
14

7
14C N¾® + -b

The half-life period of 14 C is 5770 yr.
The decay constant ( )l  can be calculated by using the following

formula  l =
0.693

t1 2/

.

The comparison of the b-  activity of the dead matter with that of the

carbon still in circulation enables measurement of the period of the
isolation of the material from the living cycle. The method
however, ceases to be accurate over periods longer than 30,000 yr.

The proportion of 14 C  to 12 C in living matter is 1 : 1012.
(2006, 3  ́4M = 12M)

48. Which of the fol low ing op tion is cor rect?

(a) In living organisms, circulation of 14C from atmosphere is high 
so the carbon content is constant in organism

(b) Carbon dating can be used to find out the age of earth crust and
rocks

(c) Radioactive absorption due to cosmic radiation is equal to the
rate of radioactive decay, hence the carbons content remains
constant in living organisms

(d) Carbon dating cannot be used to determine concentration of 
14C in dead beings

49. What should be the age of fos sil for mean ing ful
de ter mi na tion of its age?
(a) 6 yr
(b) 6000 yr
(c) 60,000 yr
(d)  It can be used to calculate any age

50. A nu clear ex plo sion has taken place lead ing to in crease in
con cen tra tion of C14 in nearby ar eas. C14 con cen tra tion is C1

in nearby ar eas and C2 in ar eas far away. If the age of the
fos sil is de ter mined to be T1 and T2 at the places re spec tively
then
(a) the age of fossil will increase at the place where explosion has

taken place and T T
C

C1 2
1

2

1
- =

l
ln

(b) the age of fossil will decrease at the place where explosion has 

taken place and T T
C

C1 2
1

2

1
- =

l
ln

(c) the age of fossil will be determined to be the same

(d) 
T

T

C

C
1

2

1

2

=

Fill in the Blanks

51. In Arrhenius equa tion, k A E RTa= -exp ( / ) . A may be termed

as the rate con stant at ......... (1997, 1M)

52. For the re ac tion : N + 3H 2NH2 2 3( ) ( ) ( )g g g¾®

Under certain conditions of temperature and partial pressure

of the reactants, the rate of formation of NH3 is 0.001 kg/h 1- .

The rate of conversion of H2 under the same condition is .... 

kg /h 1- . (1994, 1M)

53. The hy dro ly sis of ethyl ac e tate in ........... me dium is a ..........
or der re ac tion. (1986, 1M)

54. The rate of chem i cal change is di rectly pro por tional to

............. (1985, 1M)
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True/False

55. For a first or der re ac tion, the rate of the re ac tion dou bles as the 
con cen tra tion of the re ac tion (s) dou bles. (1986, 1M)

Integer Answer Type Questions
56. An or ganic com pound un der goes first order de com po si tion.

The time taken for its de com po si tion to 1/8 and 1/10 of its
ini tial con cen tra tion are t1 8/  and t1 10/  re spec tively. What is the

value of 
[ ]

[ ]
/

/

t

t
1 8

1 10

10´  ? (log10 2 = 0.3)
(2012)

57. The con cen tra tion of R in the re ac tion R P¾®  was
mea sured as a func tion of time and the fol low ing data is
ob tained :

[ ]R  (molar) 1.0 0.75 0.40 0.10

t (min) 0.0 0.05 0.12 0.18

The order of the reaction is (2010)

Subjective Questions

58. 2 3 2X g Y g Z g( ) ( ) ( )¾® +

Time 
(in min)

0 100 200

Partial pressure of
X (in mm of Hg)

800 400 200

Assuming ideal gas condition. Calculate
(a) order of reaction
(b) rate constant
(c) time taken for 75% completion of reaction
(d) total pressure when px = 700 mm (2005, 4M)

59. For the given re ac tion, A B+ ¾® Products

Following data are given

Initial conc.
(m/L)

Initial conc.
 (m/L)

Initial rate 

[mL s ]–1 –1

[ ]0A [ ]0B

0.1 0.1 0.05

0.2 0.1 0.1

0.1 0.2 0.05

(a) Write the rate equation.

(b) Calculate the rate constant. (2004, 2M)

60. 64 Cu (half-life = 12.8 h) de cays by b emis sion (38%), b+

emis sion (19%) and elec tron cap ture (43%). Write the de cay
prod ucts and cal cu late par tial half-lives for each of the de cay
pro cesses. (2002)

61. The rate of first or der re ac tion is 0.04 mol L s–1 –1 at 10 min and

0.03 mol L s–1 –1 at 20 min af ter ini ti a tion. Find the half-life of the

re ac tion. (2001, 5M)

62. A hy dro ge na tion re ac tion is car ried out at 500 K .If the same
re ac tion is car ried out in the pres ence of a cat a lyst at the same
rate, the tem per a ture re quired is 400 K. Cal cu late the
ac ti va tion en ergy of the re ac tion if the cat a lyst low ers the

ac ti va tion bar rier by 20 kJ mol 1- . (2000, 3M)

63. The rate con stant for an isomerisation re ac tion, A B®  is 

4.5 10 3´ - min. If the ini tial con cen tra tion of A is 1 M,

cal cu late the rate of the re ac tion af ter 1 h. (1999, 4M)

64. (i) The rate con stant of a re ac tion is 1.5 10 s7 1´ -  at 50 C°  and 

4.5 10 s7 1´ -  at 100 C.°  Eval u ate the Arrhenius pa ram e ters

A and Ea. (1998, 5M)

(ii) For the reaction, N O ( ) 2NO ( ) +
1

2
O2 5 2 2g g g¾® ( ),

calculate the mole fraction N O2 5 ( )g  decomposed at a
constant volume and temperature, if the initial pressure is
600 mm Hg and the pressure at any time is 960 mm Hg.
Assume ideal gas behaviour.

65. The rate con stant for the first or der de com po si tion of a

cer tain re ac tion is de scribed by the equa tion

log (s ) 14.34
1.25 10 K1

4

k - = -
´

T

 (i) What is the energy of activation for the reaction?

(ii) At what temperature will its half-life period be 256 min?
(1997, 5M)

66. One of the haz ards of nu clear ex plo sion is the gen er a tion of 

Sr90 and its sub se quent in cor po ra tion in bones. This
nucleide has a half-life of 28.1 yr. Sup pose one mi cro gram

was ab sorbed by a new-born child, how much Sr90 will

re main in his bones af ter 20 yr. (1995, 2M)

67. At 380 C,°  the half-life pe riod for the first or der

de com po si tion of H O2 2 is 360 min. The en ergy of ac ti va tion 

of the re ac tion is 200 kJ mol 1- . Cal cu late the time re quired
for 75% de com po si tion at 450 C° . (1995, 4M)

68. From the fol low ing data for the re ac tion be tween A and B

[A], (mol/L) [B], (mol/L) Initial rate (mol L s–1 –1) at

300 K 320 K

2 5 10 4. ´ - 3 0 10 5. ´ - 5 0 10 4. ´ - 2 0 10 3. ´ -

5 0 10 4. ´ - 6.0  10 5´ - 4.0  10 3´ - —

1 0 10 3. ´ - 6 0 10 5. ´ - 1 6 10 2. ´ - —

Calculate

  (i) the order of the reaction with respect to A and with

respect to B.

 (ii) the rate constant at 300 K.

(iii) the pre-exponential factor. (1994, 5M)

69. The gas phase de com po si tion of dimethyl ether fol lows first 

or der ki net ics

CH — O— CH ( CH (3 3 4g g) )¾®  + H ( ) + CO ( )2 g g

The reaction is carried out in a constant volume container at 
500 C°  and has a half-life of 14.5 min. Initially only
dimethyl ether is present at a pressure of 0.40 atm. What is
the total pressure of the system after 12 min? Assume ideal
gas behaviour. (1993, 4M)



70. A first or der re ac tion, A B® , re quires ac ti va tion en ergy of

70 kJ mol 1- . When a 20% so lu tion of A was kept at 25 C°  for
20 min, 25% de com po si tion took place. What will be the
per cent age de com po si tion in the same time in a 30% so lu tion 
main tained at 40°C ? As sume that  ac ti va tion en ergy re mains

con stant in this range of tem per a ture. (1993, 4M)

71. Two re ac tions (i) A ® prod ucts (ii) B ® prod ucts, fol low

first or der ki net ics.The rate of the re ac tion (i) is dou bled
when the tem per a ture is raised from 300 K to 310 K.
The half-life for this re ac tion at 310 K is 30 min. At the same
tem per a ture B de com poses twice as fast as A. If the en ergy of
ac ti va tion for the re ac tion (ii) is half that of re ac tion (i),

cal cu late the rate con stant of the re ac tion (ii) at 300 K.
(1992, 3M)

72. The nucleidic ra tio, 1
3 H to 1

1 H in a sam ple of wa ter is 

8.0 10´ - 18 : 1. Tri tium un der goes de cay with a half-life

pe riod of 12.3 yr. How many tri tium at oms would 10.0 g of
such a sam ple con tain 40 yr af ter the orig i nal sam ple is

col lected. (1992, 4M)

73. The de com po si tion of N O2 5 ac cord ing to the equa tion,

2N O ( ) 4NO ( + O (2 5 2 2g g g¾® ) )

is a first order reaction. After 30 min from the start of the
decomposition in a closed vessel, the total pressure
developed is found to be 284.5 mm of Hg. On complete
decomposition, the total pressure is 584.5 mm of Hg.
Calculate the rate constant of the reaction. (1991, 6M)

74. In Arrhenius equa tion for a cer tain re ac tion, the value of A and 

Ea  (ac ti va tion en ergy) are 4 10 s13 1´ -  and 98.6 kJ mol–1

re spec tively. If the re ac tion is of first or der, at what

tem per a ture will its half-life pe riod be 10 min? (1990, 3M)

75. An ex per i ment re quires min i mum beta ac tiv ity pro duced at
the rate of 346 beta par ti cles per min ute. The half-life

pe riod of 42
99Mo , which is a beta emit ter, is 66.6 h. Find

the min i mum amount of 42
99Mo  re quired to carry out the

ex per i ment in 6.909 h. (1989, 5M)

76. A first or der gas re ac tion has k = ´ -1.5 10 6 per sec ond at 

200 C° . If the re ac tion is al lowed to run for 10 h, what
per cent age of the ini tial con cen tra tion would have change in

the prod uct? What is the half-life of this re ac tion?

(1987, 5M)

77. While study ing the de com po si tion of gas eous N O2 5, it is

ob served that a plot of log a rithm of its par tial pres sure ver sus
time is lin ear. What ki netic pa ram e ters can be ob tained from
this ob ser va tion? (1985, 2M)

78. Ra dio ac tive de cay is a first or der pro cess. Ra dio ac tive
car bon in wood sam ple de cays with a half-life of 5770 yr.

What is the rate con stant (in yr- 1) for the de cay? What
frac tion would re main af ter 11540 yr? (1984, 3M)

79. A first or der re ac tion is 20% com plete in 10 min. Cal cu late
(i) the spe cific rate con stant of the re ac tion, and
(ii) the time taken for the re ac tion to go to 75% com ple tion.

(1983, 2M)

80. Rate of re ac tion, A B+ ® prod ucts is given be low as a

func tion of dif fer ent ini tial con cen tra tions of A and B 

[A] mol/L [B] (mol/L) Initial rate 

(mol L  min )–1 –1

0.01 0.01 0.005

0.02 0.01 0.010

0.01 0.02 0.005

Determine the order of the reaction with respect to A and B.
What is the half-life of A in the reaction ? (1982, 4M)

1. (b) 2. (c) 3. (d) 4. (a)

5. (d) 6. (d) 7. (b) 8. (a)

9. (c) 10. (d) 11. (b) 12. (d)

13. (c) 14. (b) 15. (c) 16. (b)

17. (a) 18. (a) 19. (d) 20. (a)

21. (a) 22. (b) 23. (d) 24. (d)

25. (a) 26. (a) 27. (d) 28. (a)

29. (d) 30. (d) 31. (a) 32. (c)

33. (a) 34. (d) 35. (d) 36. (d)

37. (c) 38. (d) 39. (a) 40. (a,d)

41. (a,c) 42. (b,c,d) 43. (a,b,d) 44. (a,b,d)

45. (a,d) 46. (b,c) 47. (+8500J/ mol)

48. (c) 49. (b) 50. (a) 51. T = ¥

52. 0.0015 53. acidic first or basic, second

54. concentration of reactant(s) at that instant

55. T 56. (9) 57. (0)

58. (960 mm Hg) 61. (25 min) 62. (100 kJ mol-1)

63. (3.26 ´ -10 3 mol L-1 min-1) 66. (6.1 ´ -10 7 g)

67. (20.74 min) 69. (0.75 atm) 70. (67 %)

71. (3.26  ́10 2-  min -1) 72. (5.6  ́105)

73. (5.2  ́10 3-  min -1) 74. (311.34 K)

75. (3.56  ́10 16-  g) 78. (0.25)

80. (1.386 min)
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1.
Key Idea The rate of a chemical reaction means the speed 
with which the reaction takes place.
For        R P¾®
Rate of disappearance of R

     = = -   
[ ]Decrease in conc.of 

Time taken

R R

t

D

D
Rate of appearance of P

     = = +    
[ ]Increase in conc. of 

Time taken

P P

t

D

D

Given, [N O ]   3.00 mol L2 5 initial
 1= -

After 30 min, [N O ]  2 .75 mol L2 5
 1= -

        2N O ( )  4NO ( )  O ( )2 5 2 2g g g¾® +
    t = 0          3.0 M

    t = 30          2.75 M

From the equation, it can be concluded that

   
1

2

1

4
´

-
= ´

D

D

D

D

[N O ] [NO ]2 5 2

t t

=
-

=
- - -D

D

[N O ]2 5

t

( . . )2 75 3 00

30

1mol L
 Þ

0 25

30

.

and 
D

D

D

D

[NO ] (N O )2 2 5

t t
=-2  Þ =- ´

D

D

[NO ]2

t
2

0 25

30

.
 

= - ´ - - -1667 10 2 1 1. mol L  min

2. In the given reaction; x A y B¾¾®

   log
[ ]

log
[ ]

.10

-é

ëê
ù

ûú
=

é

ëê
ù

ûú
+

d A

dt

d B

dt
10 0 3010

Value of log .2 0 3010=  

Substituting 0 3010.  by log2 

    log
[ ]

log
[ ]

log10 10 2-
é

ëê
ù

ûú
=

é

ëê
ù

ûú
+

d A

dt

d B

dt

Using logarithm rules,

   
-é

ëê
ù

ûú
= ´

é

ëê
ù

ûú
d A

dt

d B

dt

[ ] [ ]
2  Þ -

é

ëê
ù

ûú
=

é

ëê
ù

ûú
1

2

d A

dt

d B

dt

[ ] [ ]
…(i)

Using the rate equation (i) to determine the reaction involved is

2A B¾¾®

Option that fits correct in the above reaction is (c).

2C H C H2 4 4 8¾¾® .

3.    
Key Idea The Arrhenius equation for rate constants at two
different temperatures is

  log
.

k

k

E

R

T T

T T
a2

1

2 1

1 22 303
=

-é

ë
ê

ù

û
ú [where, T T2 1> ]

where, k1 and k2 are rate constants at temperatures T1 and T2,
respectively.
R = Gas constant, Ea = Activation energy

For the reaction, H  + I 2HI2 2 ¾®

Given k1
42 5 10= ´ - - -. dm mol s3 1 1 

T1 273 327= +( ) K = 600 K

k2 1=  dm3mol-1 s-1 at T2 273 527= +( ) K = 800 K

Now, log
.

k

k

E

R

T T

T T
a2

1

2 1

1 22 303
=

-æ

è
çç

ö

ø
÷÷

Þ log
. . .

1

2 5 10 2 303 8 314 104 3´
=

´ ´- -

Ea  
800 600

600 800

-

´

æ

è
çç

ö

ø
÷÷

Þ log
( )

. .

10 10

2 5 0 019

200

48 10

3

4

´
= ´

´

Ea

Þ log log ~ .4 3 10 0 022+ - ´Ea

Þ Ea =
´ +2 2 3

0 022

log

.
 

        =
3 6

0 022
163 6

.

.
~– .  kJ mol -1

4. The expression for bacterial growth is

N N et= 0

N

N
e t0 = -      

From 0 to 1 hour N t N et¢ =( ) 0

From 1 hour onwards,
dN

dt
N= -5 2

On differentiating the above equation from N ¢ to N  we get.

  N dN dt
eN

N t
- = -ò ò

2

1

5

0

 [Q At 1 hour, N eN¢= 0]

   
1 1

5 1
0N eN

t-
é

ë
ê

ù

û
ú = -( )

Multiply both sides by N 0, we get

          
N

N e
N t0

0

1
5 1- = -( ) or, 

N

N
N t

e
0

05 1
1

= - +( )

                
N

N
N t

e
N0

0 05
1

5= + -
é

ëê
ù

ûú

On comparing the above equation with equation of straight line, 
y mx c= +

We get m N= 5 0, c
e

N= -
1

5 0 

\  Plot of 
N

N
0 vs t is shown aside.

Hints & Solutions

N0—
N

t(h)



5. Only statement (d) is incorrect. Corrected statement is
‘‘Activation enthalpy to form C  is 15 kg mol-1 more than 5 kg
mol-1 that is required to form D.’’ It can be easily explained by
following graph.

Activation enthalpy (or energy) is the extra energy required by
the reactant molecules that result into effective collision

between them to form the products.

6. In first order reaction, the rate expression depends on the
concentration of one species only having power equal to unity.

        nR ¾® products

    
-

=
d R

dt
k R

[ ]
[ ]

On integration, - = -ln[ ] ln[ ]R kt R0

or         ln( ) ln ( )R R kt= -0

            y c mx= +

     m = slope = -k (negative)

         c = intercept = ln ( )r0
The graph for first order reactions is

In zero order reaction,

[ ]R ¾® product

\ 
-

=
d R

dt
kt[ ]
  or - =d R kdtt[ ]

On integrating, - = +[ ]R kt ct

If         t = 0, [ ] [ ]R Rt = 0

\          - = -[ ] [ ]R kt Rt 0

        [ ] [ ]R R ktt = -0

Thus, the graph plotted between [ ]r t and t gives a straight line
with negative slope ( )-k  and intercept equal to [ ]R 0.

The graph for zero order reaction is

7.  A B C
K K

¾® ¾®
1 2

Rate of formation of B is

   
d B

dt
k A k B

[ ]
[ ] [ ]= -1 2  

Þ     0 1 2= -k A k B[ ] [ ] Q Given,
[ ]d B

dt
=

é

ëê
ù

ûú
0

Þ    k B k A2 1[ ] [ ]=

Þ Concentration of B, [ ] [ ]B
k

k
A= 1

2

8. Let the rate equation be k A Bx y[ ] [ ]

From Ist values,

0 045 0 05 0 05. [ . ] [ . ]= k x y …(i)

From 2nd values,

       0 090 010 0 05. [ . ] [ . ]= k x y …(ii)

From 3rd values,

0 72 0 20 010. [ . ] [ . ]= k x y …(iii)

On dividing equations (i) by (ii), we get

0 045

0 09

0 05

010

.

.

.

.
=

é

ëê
ù

ûú

x

0 05

010

0 05

010

1
.

.

.

.

é

ëê
ù

ûú
=

é

ëê
ù

ûú

x

    

\    x = 1    

Similarly on dividing Eq. (ii) by (iii) we get

0 09

0 72

01

0 2

0 05

010

.

.

.

.

.

.
=

é

ëê
ù

ûú
é

ëê
ù

ûú

x y

0 01

0 08

01

0 2

0 05

01

.

.

.

.

.

.
=

é

ëê
ù

ûú

y

    

   0 25
0 05

010
.

.

.
=

é

ëê
ù

ûú

y

            

  0 25 0 5. [ . ]= y     

        [ . ] [ . ]0 5 0 52 = y

\            y = 2

Hence, the rate law for the reaction 

Rate = k A B[ ][ ]2

9. The temperature dependence of a chemical reaction is expressed 
by Arrhenius equation,

k Ae E RTa= - $ / …(i)

Taking natural logarithm on both sides, the Arrhenius equation
becomes,

ln lnk A
E

RT
a= -

where, -
E

R
a  is the slope of the plot and ln A  gives the intercept.

Eq. (i) at two different temperatures for a reaction becomes, 

ln
k

k

E

R T T
a2

1 1 2

1 1
= -

æ

è
çç

ö

ø
÷÷ …(ii)
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ln (R)

t

[R]

t

20

15

10

5
A+B

CReaction
coordinate

Enthalpy
–1(kJ mol )

Activation
enthalpyD



Þ In the given problem, 

        T1 400=  K, T2 500=  K

        k1
510= -  s- 1, k2 = ?

   - =-
E

R
a (Slope) 4606

On substituting all the given values in Eq. (ii), we get

ln
k2

5
4606

1

400

1

50010-
= -

æ

è
ç

ö

ø
÷

ln .
k2

510
2 303

-
=

  
k2

5
10

10-
=  Þ k2

410= -  s- 1

Therefore, rate constant for the reaction at 
500 K is 10 4- s- 1.

10. Given, rate con stant (k) = 0 05.  mg/year

Thus, from the unit of k, it is clear that the reaction is zero order.
Now, we know that

half-life ( )/t1 2  for zero order reaction =
a

k
o

2

where, ao = initial concentration,

    k = rate constant

    t1 2

5
50/ =

´
=

m

m

g

2 0.05 g / year
 years

Thus, 50 years are required for the decomposition of 5 mg of X
into 2.5 mg.

11. For zero or der re ac tion,

[ ] [ ]A A ktt0 - =  ...(i)

where, [ ]A0 = initial concentration

     [ ]At = final concentration at time ‘t’

     k = rate constant

Also, for zero order reaction, t
A

k
1 2

0

2
/

[ ]
=

Given, t1 2 6/ =  h and [ ]A0 =0.2 M

\      6 =
0.2

2k

or,    k =
´

=
0.2

2 6

1

60
 

Now, from Eq. (i)

    [ ] [ ]A A ktt0 - =

Given, [ ]A0 = 0.5 M, [ ]At = 0.2 M

\  0.5 0.2- = ´
1

60
t Qk =

é

ëê
ù

ûú
1

60

  0.3 = ´
1

60
t

      t = ´ =0.3 60 18 h

12. The tem per a ture de pend ence of rate of a chem i cal re ac tion is
ex pressed by Arrhenius equa tion as, k Ae E RT= - a / …(i)

where, A = Arrhenius factor or frequency factor or 
       pre-exponential factor

   R = Gas constant, Ea = Activation energy 

Taking log on both sides of the Eq. (i), the equation

becomes ln k = -ln A
E

RT
a

On comparing with equation of straight line 

( y mx c= + ), the nature of the plot of lnk vs 
1

RT
 will be:

 (i) Intercept = =C Aln

(ii) Slope/gradient = = - = -m E ya  Þ  E ya =

So, the energy required to activate the reactant, (activation
energy of the reaction, Ea is = y ) 

13. The el e men tary re ac tion, A A
k

k

2
1

1

2c
-

 

fol lows op pos ing or re vers ible ki net ics,

(i) Rate of the reaction,

  r r r= -forward backward

    = - -k A k A1 2 1
2[ ] [ ]  … (i)

(ii) Again, rate of the reaction can be expressed as, 

r
d A

dt

d A

dt
= - = +

[ ] [ ]2 1

2
So, the rate of appearance of A, i.e.

d A

dt
r k A k A

[ ]
[ ] [ ]= = - -2 2 21 2 1

2 [from Eq. (i)]

14. The Arrhenius equation is,

k A e E RTa= -. /

where, k = rate constant,

     A = Arrhenius constant, Ea = activation energy,

and   T = temperature in K    

From the equation, it is clear that k decreases exponentially with 
Ea . So, the plot-I is correct.

In the plot-II, k is plotted with temperature (in °C but not in K).
So, at 0°C, k ¹ 0 and k will increase exponentially with
temperature upto 300°C. Therefore, the plot-II is also correct.

15. For the re ac tion, 2A B+ ¾® prod ucts.

 Let, the rate expression is 

r A Ba bµ [ ] [ ]

Expt 1           
r

r

A

A

B

B

a b
2

1

2 2
=

æ

è
ç

ö

ø
÷

æ

è
ç

ö

ø
÷

Þ      
2 4

0 3
2 2

.

.
= ´a b  Þ  2 23 = +a b̀

Þ          3 = +a b … (i)

Expt 2   
r

r

A

A

B

B

a b
2

1

2
=

æ

è
ç

ö

ø
÷

æ

è
ç

ö

ø
÷  

Þ       
0 6

0 3
2 1

.

.
= ´a   Þ  2 21 = a  Þ  a = 1 …(ii)
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\ From Eq. (i), 1 3+ =b  Þ b = 2

Þ Order of the reaction ( )n a b= + = + =1 2 3

Þ Order of the reaction wrt. A = 1 

Þ Order of the reaction wrt. B = 2  

16. Let, the rate ex pres sion is r A Ba bµ [ ] [ ] .

From experiment I,

  
r

r

a b
2

1

=
æ

è
ç

ö

ø
÷ ´

æ

è
ç

ö

ø
÷

0.1

0.1

0.25

0.20

Þ
6.93  10

6.93  10

 3

 3

´

´
= ´

æ

è
ç

ö

ø
÷

-

-
1

5

4

b

  

Þ 1
5

4
=

æ

è
ç

ö

ø
÷

b

 Þ 
5

4

5

4

0
æ

è
ç

ö

ø
÷ =

æ

è
ç

ö

ø
÷

b

 Þ b =0

From experiment II, 
r

r

a b
3

1

=
æ

è
ç

ö

ø
÷ ´

æ

è
ç

ö

ø
÷

0.2

0.1

0.30

0.20

Þ
1.386  10

0.693  10

 2

 2

´

´

-

-
 = ´( ) (2 0a 1.5)

Þ    2 2 1= ´a  Þ 2 21 = a Þ a =1

Þ So,     r A Bµ [ ] [ ]1 0 Þ r Aµ [ ]

Order of the reaction ( )n = 1

Þ Now, let for the 1st experiment,

 r k A1 = × [ ]    

Þ    k
r

A
= 1

[ ]
 =

´ -

 
6.93  10

0.1

 3

 = ´ - 6.93  10  2 s- 1

Þ       t
k

50 =
0.693

 =
´

=
-

 
0.693

6.93  10
  10

 2
s

17. From thermodynamics,

ln k
H

RT

S

R
=

-D °
+

D °
…(i)

Mathematically, the equation of straight line is

y c mx= + …(ii)

After comparing Eq. (ii) with (i) we get,

slope =
- °DH

R
 and intercept =

D °S

R

Now, we know for exothermic reaction DH  is negative (-)ve.
But here,

Slope =
-D °H

R
 is positive

So, lines A and B in the graph represent temperature dependence 
of equilibrium constant K  for an exothermic reaction as shown
below

18. For the reaction,

CH CHO CH  + CO3
 

Decomposes

4( )g ¾¾¾¾®

Let order of reaction with respect to CH CHO3  is m.

Its given, r1 = 1 torr/sec. when CH CHO3  is 5% reacted i.e. 95%
unreacted. Similarly, r2 = 0 5.  torr/sec when CH CHO3  is 33%
reacted i.e., 67% unreacted.

Use the formula, r a x mµ -( )

where ( )a x- = amount unreacted 

so, 
r

r

a x

a x

m

m
1

2

1

2

=
-

-

( )

( )
   or   

r

r

a x

a x

m

1

2

1

2

=
-

-

é

ë
ê

ù

û
ú

Now putting the given values

1

0 5

0 95

0 67.

.

.
=

æ

è
ç

ö

ø
÷

m

 Þ 2 141= ( . )m   or m = 2

19. According to Arrhenius equation 

k Ae E RTa= - /

where, A = collision number or pre-exponential factor.

    R = gas constant

    T = absolute temperature 

  Ea = energy of activation

For reaction   R1, k Ae
E RTa

1
1=

- /
 …(i)

For reaction   R2,  k Ae
E RTa

2
2=

- /
…(ii)

On dividing Eq. (ii) by Eq. (i), we get

k

k
e

E E

RT

a a

2

1

2 1

=
-

-( )

…(iii)

       [Q Pre-exponential factor ‘A’ is same for both

reactions]

Taking ln on both the sides of Eq. (iii), we get

 ln
k

k

E E

RT

a a2

1

1 2æ

è
çç

ö

ø
÷÷ =

-

Given,      E Ea a1 2
10= +  kJ mol  1-   = +Ea 2

10 000,  J mol  1-

\ ln
k

k
2

1

=
´

-

- -

10,000 J mol

8.314 J mol K   300 K

 1

 1  1
 = 4 

20. For first order reaction, k
t

a

a x
=

-

2.303
log

Given,    t = 50 min, a = 0 5.  M, a x- = 0125.  M

\    k = =
2 303

50 0125
0 0277

.
log

.
.

0.5
 min 1-

Now, as per reaction 

2H O   2H O + O2 2 2 2¾®

    - = =
1

2

1

2

d

dt

d

dt

d

dt

[H O ] [H O] [O ]2 2 2 2

Rate of reaction, - =
d

dt
k

 [H O ]
[H O ]2 2

2 2

\      
d

dt

d

dt
k

  [O ] [H O ]
[H O ]2 2 2

2 2= - =
1

2

1

2

 
 …(i)
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When the concentration of H O2 2 reaches 0.05 M, 

 
d

dt

[O ]2 = ´ ´
1

2
0 0277 0 05. .     [from Eq. (i)]

or       
d

dt

[O ]
 6.93  102 4= ´ -  mol min 1-

Alternative Method

In fifty minutes, the concentration of H O2 2 decreases from 0.5 to 
0.125 M or in one half-life, concentration of H O2 2 decreases
from 0.5 to 0.25 M. In two half-lives, concentration of H O2 2

decreases from 0.5 to 0.125 M or  2 501 2t / =  min

          t1 2 25/ =  min   

\    k =
æ

è
ç

ö

ø
÷

-0 693

25

.
 min 1     

or   
d

dt

d

dt

k[O ] [H O ] [H O ]2 2 2 2 2= - = = ´ -1

2
6 93 10 4

2
.  mol min 1-

21. The main conditions for the occurrence of a reaction is
proper orientation and effective collision of the reactants.

Since, the chances of simultaneous collision with proper
orientation between two species in high order reactions are very
rare, so reaction with order greater than 3 are rare.

22. For the elementary reaction, M N¾®

Rate law can be written as

Rate µ [ ]M n   

Rate = k M n[ ] …(i)

When we double the concentration of [ ]M ,

rate becomes 8 times, hence new rate law can be written as

                           8  Rate´ = k M n[ ]2   …(ii)

             
Rate

8  Rate
 

´
=

k M

k M

n

n

[ ]

[ ]2
 Þ 

1

8

1

2
=

[ ]n
   

Þ             [ ] [ ]2 8 2 3n = =    Þ n = 3    

23. This prob lem can be solved by de ter min ing the or der of re ac tion
w.r.t. each re ac tant and then writ ing rate law equa tion of the
given equa tion ac cord ingly as

                  R = 
dC

dt
 = k A Bx y[ ] [ ]   

where, x = order of reaction w.r.t A
    y =  order of reaction w.r.t B

1 2 10 0 1 0 13. ( . ) ( . )´ =- k x y

1 2 10 01 0 23. ( . ) ( . )´ =- k x y

2 4 10 0 2 013. ( . ) ( . )´ =- k x y

      R = k A B[ ] [ ]1 0

As shown above, rate of reaction remains constant as the
concentration of reactant (B) changes from 0.1 M to 0.2 M and
becomes double when concentration of A change from 0.1 to 0.2, 
(i.e. doubled).

24. PLAN Time of 75% re ac tion is twice the time taken for 50% re ac tion if
it is first or der re ac tion w.r.t. P. From graph, [ ]Q  de creases
lin early with time, thus it is zeroth or der re ac tion w.r.t. Q

           
d

dt
bk P Qa bx

= [ ] [ ]

Order w.r.t P a= = 1

Order w.r.t Q b= = 0

Thus, overall order of the reaction = + =1 0 1

25. From Arrhenius equa tion, log
k

k

E

R T T
a2

1 2 1

1 1
=

-
-

æ

è
ç
ç

ö

ø
÷
÷2.303

Given,          
k

k
2

1

2=   T2 = 310 K

   T1 300= K

On putting values,

Þ      log 2
1

310

1

300
=

-

´
-

æ

è
ç

ö

ø
÷

Ea

2.303  8.314

Þ           Ea = 53.603 J/molk   

26. Ac cord ing to Arrehnius equa tion, rate con stant in creases
ex po nen tially with tem per a ture :

k Ae E RTa= - /

27. The logarithmic form of Arrhenius equation is 

log logk A
E

RT
a= -

2.303

Given : log k
T

= -6
2000

    

Comparing the above two equations :

    log A = 6 Þ A = 106

and         
E

R
a

2.303
= 2000

Þ                   Ea = ´2000 2.303 ´ 8.314 J

         = 38.3 kJ mol 1-

28. For first  order reaction t
k

1 2
1

2
40/

ln
= =  s …(i)

For zero order reaction   t
A

k
1 2

0

02
20/

[ ]
= =  s …(ii)

Þ Eq. (ii)/(i)                       = = ´
1

2 2 2
0

0

1[ ]

ln

A

k

k

Þ             
k

k A
1

0 0

2
=

ln

[ ]
= =

0.693

1.386
0.5

29. Rate µ [ ] [ ]G Hm n

Q Rate is double on doubling the concentration of G and
maintaining H constant, m = 1, i.e. R Gµ [ ].

Also, when both concentration of G and H are doubled, rate
increases by a factor of 8. Here rate is increasing by a factor of 2
due to G (first order in G), therefore, factor due to H is 4.

Þ R Hµ [ ]2

Þ Overall order = + = + =m n 1 2 3

30. Order of a reaction can take any real value, i.e. negative, integer, 
fraction etc.

31. For first order reaction,

k
t

=
2.303

 log
a

a x-
 = = ´ -2.303

40
log

0.1

0.025
3.46 10 2

Rate = = ´ ´ = ´- -[ ]k A 3.46 10 0.01 3.46 102 4

32. For a first order reaction,  kt
A

A
= ln

[ ]

[ ]

0
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Þ      k
t

A

A
=

1 0ln
[ ]

[ ]
=

´
=

´

-1

2 10

800

50

4 2

2 104 4
1ln

ln
s

            = 1.386 ´ - -10 4 1s

33. For any general reaction,

aA bB cC dD+ ¾® +

     Rate = - = -
1 1

a

d A

dt b

d B

dt

[ ] [ ]

= =
1 1

c

d C

dt d

d D

dt

[ ] [ ]

Þ For N + 3H 2NH2 2 3¾®

     Rate = - = - =
d

dt

d

dt

d

dt

[ ] [ ] [ ]N H NH2 2 31

3

1

2

34. Rate will be directly proportional to both concentration and
intensity, i.e. rate of formation of AB C I* µ × .

35. The unit of rate constant (t- 1) indicating that the decomposition
reaction following first order kinetics.

Þ Rate = k[ ]N O2 5   

            [ ]
.

.N O2 5

5

5

2 40 10

3 10
0 8= =

´

´
=

-

-

Rate

k
 M

36. 560 days = =
560

140
4 half-lives.

Amount of reactant remaining after n-half-lives

 =
æ

è
ç

ö

ø
÷ ´

1

2

n

initial amount =
æ

è
ç

ö

ø
÷ ´

1

2

4

1.0 g =
1

16
 g  

37. A catalyst increases the rate of reaction but by the same factor to
both forward and backward directions. Hence, a catalyst shorten 
the time required to reach the equilibrium.

38. Specific rate constant of reaction depends on temperature.

39. The rate constant ( )k  of all chemical reactions depends on

temperature.

k Ae E RTa= - /

where, A = pre-exponential factor, Ea = activation energy.

40. Given for the reaction (at T= 300 K and constant volume = V)
     A g B g C g( ) ( ) ( )¾® +2

 at t = 0        p0         –     – 

at t t=        p x0 -         2x        x 

at t t= 1 3/    p
p

0
02

3
-

é

ë
ê

ù

û
ú =

p0

3
     

4

3
0p
     

2

3
0p

We can calculate,
    p p x x xt = - + +0 2  = +p x0 2

or     2 0x p pt= -  or x
p pt=

- 0

2
Now for first order reaction,

t
k

p

p x
=

-

1 0ln
( )0

Putting the value of x in the equation,

   t
k

p

p
p pt

=

-
-æ

è
ç

ö

ø
÷

1

2

0

0
0

ln  =
- +

1 2

2
0

0 0k

p

p p pt

ln

or kt
p

p pt

=
-

ln
( )

2

3
0

0

 

or    kt p p pt= - -ln ln ( )2 30 0

or    ln ( ) ln3 20 0p p kt pt- = - +

It indicates graph between ln ( )3p pt0 -  vs ‘t’ will be a straight
line with negative slope , so option (a) is correct 

t
k

p

p
1/3

0 
ln =

1

3
0

/
 = 

1
3

k
ln

It indicates t1 3/  is independent of initial concentration so, option
(b) is incorrect. 

Likewise, rate constant also does not show its dependence over
initial concentration. Thus, graph between rate constant and 
[ ]A 0 will be a straight line parallel to X-axis.

41. If steric factor is considered, the corrected Arrhenius equation
will be 

k pAe

E

RT
a

=

-

 where A = frequency factor by Arrhenius.

Q  p > 1, pA A>  hence, (a) is correct.

Activation energy is not related to steric factor.

42. Rate constant,    k Ae E RTa= - /  

where, Ea = activation energy and A = pre-exponential factor 

(a) If Ea is high, it means lower value of k hence, slow reaction.
Thus, incorrect.

(b ) On increasing temperature, molecules are raised to higher
energy (greater than Ea), hence number of collisions
increases. Thus, correct.

(c) log logk A
E

RT
a= -  Þ 

d k

dT

E

RT
a(log )

=
2

Thus, when Ea is high, stronger is the temperature
dependence of the rate constant. Thus, correct. 

(d) Pre-exponential factor (A) is a measure of rate at which
collisions occur. Thus, correct.

43. (a) For a first order reaction, the
concentration of reactant remaining
after time t is given by  

[ ] = [ ]0
–A A e kt 

Therefore, concentration of reactant
decreases exponentially with time.

(b) Rise in temperature increases rate constant (k) and  therefore
decreases half-life (t1 2/ ) as

t
k

1 2

2
/

ln
=

 

(c) Half-life of first order reaction is independent of initial
concentration.

(d) For a first order reaction, if 100 moles of reactant is taken
initially, after n half-lives, reactant remaining is given by 

% A =   
n

100
1

2

æ

è
ç

ö

ø
÷   =

æ

è
ç

ö

ø
÷ =100

1

2
0 3906

8

.    

Þ    A reacted = 100 – 0.3906  = 99.6%
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44. Equilibrium constant is related to temperature

log K
H

RT
p = -constant

2.3

D

Þ Plot of log Kp vs 1/ T  will be a straight line.
For the first order reaction X P®

   log
[ ]

[ ]

X

X

kt0 =
2.3

 Þ     log [ ] log [ ]X X
kt

= -0
2.3

,

i.e. log [ ]X  vs ‘t’ will give a straight line.

Also at constant temperature, pV = constant

Þ Plot of p vs 
1

V
 will give a straight line.

45. For a first order reaction :

kt =
-

ln
1

1 a
where,  a = degree of dissociation.

Þ          1 - = -a e kt  Þ   a = - -1 e kt

Also 
1

0[ ] [ ]A

e

A

kt

=  , i.e. plot of reciprocal of concentration of

reactant vs time will be exponential.

Time for 75% =
-

= =
1 100

100 75

2 2
2 1 2

k k
tln

ln
( )/

The Arrhenius equation is :

ln lnk A
E

RT
a= -

The dimensions of k and A must be same. For first order
reaction, dimensions of k is t- 1.

46. A catalyst lowers the activation energy by enabling the reaction
to continue through an alternative path, i.e. catalyst changes the
reaction mechanism. However, catalyst does not affect either
average kinetic energies of reactants or the collision frequency.

47. For the reaction,

A g B g AB g( ) ( ) ( )+ -

Given       E E RTa ab f
= + 2  or E E RTa ab f

- = 2

Further

A Af b= 4  or  
A

A

f

b

= 4  

Now, rate constant for forward reaction,

k A ef f

E RTaf=
- /

Likewise, rate constant for backward reaction,

k A eb b
E RTab=

- /

At equilibrium,

Rate of forward reaction = Rate of backward reaction

i.e.,      k kf b=   or  
k

k
k

f

b
eq=  

so         k
A e

A e
eq

f

E RT

b
E RT

af

ab
=

-

-

/

/
 =

- -A

A
e

f

b

E E RTaf ab
( ) /

After putting the given values

  k eeq = 4 2 (as E E RTa ab f
- = 2  and 

A

A

f

b

= 4)

Now,  D ° = -G RT Kln eq = - 2500 4 2ln( )e

          = - +2500 4 2(ln ln )e  = - +2500 (1.4 2)

   = - ´2500 3 4.  = - 8500 J/mol

Absolute value = 8500 J/mol

48. Living plants maintain an equilibrium between the absorption of 
C14 (produced due to cosmic radiation) and the rate of decay of 
C14 present inside the plant. This gives a constant amount of C14

per gram of carbon in a living plant.

49. Fossil whose age is closest to half-life of C-14 (5770 yr) will
yield the most accurate age by C-14 dating.

50. lT
N

N
= ln 0

where N 0 = Number of C14 in the living matter and

N =  Number of C14 in fossil. Due to nuclear explosion,

amount of C14 in the near by area increases. This will increase 
N 0 because living plants are still taking C-14 from atmosphere,
during photosynthesis, but N will not change because fossil will
not be doing photosynthesis.

Þ T (age) determined in the area where nuclear explosion has
occurred will be greater than the same determined in normal
area.

Also,  lT
C

C
1

1= ln  Þ lT
C

C
2

2= ln  Þ T T
C

C
1 2

1

2

1
- = =

l
ln

C = Concentration of C-14 in fossil.

51. k A e E RTa= - / : At T k A= ¥ =,

52. - =
1

3

1

2
2d

dt

d

dt

[ ] [ ]H NH3

Þ    
-

=
d

dt

d

dt

[ ] [ ]H NH2 33

2
 = ´ = -3

2

10.001 0.0015 kg h .

53. acidic, first or basic, second.

54. Rate is directly proportional to concentration of reactants.

55. R µ [Reactant]

On doubling the concentration of reactant, rate would be double.

56. For a first or der pro cess kt
A

A
= ln

[ ]

[ ]
0

where, [ ]A 0 = initial concentration.

[ ]A = concentration of reactant remaining at time “t”.

Þ kt
A

A
1 8

0

0 8
8/ ln

[ ]

[ ] /
ln= =   …(i)

and        kt
A

A
1 10

0

0 10
10/ ln

[ ]

[ ] /
ln= =   …(ii)

Therefore,    
t

t
1 8

1 10

8

10
8 3 2/

/

ln

ln
log log= = =  = ´ 3  0.3 = 0.9 

Þ         
t

t
1 8

1 10

/

/

´ = ´ = 10  0.9  10  9

57. Rate of re ac tion is con stant with time.

58. (a) Partial pressure becomes half of initial in every 100 min,
therefore, order = 1.

(b) k ´ = =100
800

400
2ln ln  Þ k = ´ - -6.93 10 min3 1
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(c) For 75% reaction; time required = ´2  half-life = 200 min

(d) 2 3 2X g Y g Z g( ) ( ) ( )¾® +

  800 - x     
3

2
x     x

  Total pressure = +800
3

2
x

  Also 800 700- =x   Þ  x = 100

  Þ Total pressure = + ´800
3

2
100 = 950 mm Hg 

59.
(Rate)

(Rate)

0.05

0.10
1

2

= = =
æ

è
ç

ö

ø
÷

1

2

1

2

a

Þ a = 1; order w.r.t A.

Order w.r.t B = 0

(a) Rate = k A[ ]

(b) k
A

= = = -Rate

[

0.05

0.10
0.5 s

]
1

60.       29
38

1
0

30
1

Cu Zn64 64¾® +-k

%
b

29

19

1
0

28
2

Cu Ni64 64¾® ++k

%
b

29 1
0 43

28
3

Cu Ni64 64+ ¾®- e
k

%

Above are the parallel reactions occurring from Cu64.

   
k

k

T

T
1

2

2

1

38

19
2= = =  and 

k

k

T

T
1

3

3

1

38

43
= =

T T1 2,  and T3 are the corresponding partial half-lives.

Also  k k k k= + +1 2 3  

Þ  
ln 2

T T T T
= + +

ln ln ln2 2 3

1 2 3

  

Þ        
1 1 1 1

1 2 3T T T T
= + +  = + +

1 1

2

43

381 1 1T T T

                               = + +
æ

è
ç

ö

ø
÷

1
1

1

2

43

381T

             =
+ +æ

è
ç

ö

ø
÷ =

1 38 19 43

38

100

381 1T T

Þ         T
T

1

100

38

100

38
= = ´ 12.8 = 33.68 h

      T T2 12= = 67.36 h

      T
T

3
138

43
= =

´
=

38 33.68

43
 29.76 h 

61.           R k A= [ ]

Þ        R k A1 1= [ ]  and R k A2 2= [ ]

Þ            
R

R

A

A
1

2

1

2

4

3
= =

[ ]

[ ]

Also  k t t
A

A
( ) ln

[ ]

[ ]
ln2 1

1

2

4

3
- = =

Þ   
ln

ln
/

2
10

4

31 2t
´ =            

Þ       t1 2

10 3

4 3

3
/

log

log log
=

-
=

-
=

0.6 0.48
 25 min

62. k A e E RT
500

1 1= - /

           k A e E RT
400

2 2= - /        

Q k k500 400=       

Þ       
E

RT

E

RT
1

1

2

2

=  Þ 
E

E

T

T
2

1

2

1

400

500

4

5
= = =

Also  E E1 2 20000= + J

Þ           
E

E
1

1

20 000 4

5

-
=

,
 Þ E1 100 000= =, J  100 kJ mol 1-

63.   kt
A

A
= ln

[ ]

[ ]
0

Þ           4.5 10´ ´ =- 3 60
1

ln
[ ]A

 Þ [ ]A = 0.76 M

Þ Rate = = ´ ´-k A[ ] 4.5 0.7610 3

    = ´ - - -3.42  10  mol L  min3 1 1

64. (i) ln
k

k

E

R

T T

T T
a2

1

2 1

1 2

=
-æ

è
çç

ö

ø
÷÷

Þ ln
4.5 10

1.5 10 8.314

7

7

´

´

æ

è
ç
ç

ö

ø
÷
÷ =

´

æ

è
çç

ö

ø
÷÷

Ea 50

323 373

Þ  Ea = 22 kJ 

Also             ln lnk A
E

RT
a= -

At 50°C : ln ln ( )A = ´ -
´

´
1.5 10

8.314 323
7 22 1000

 = 8.33

Þ                 A = 4.15 ´ -103 1s

(ii) N O ( O +
1

2
O2 5 2 2g g g) ( ) ( )¾® 2N

600 - p      2p       p/ 2 

Total pressure = = +960 600
3

2
p  Þ  p = 240 mm    

Þ Partial pressure of N O2 5 ( )g  remaining = 600 – 240

= 360 mm     

Þ Mole fraction = =
360

960
0.375

65. (i) The Arrhenius equation is

     log logk A
E

RT
a= -

2.303

Comparing with the given equation :

   1.25 10
2.303

4´ =
E

R
a  Þ Ea = 239.33 kJ mol 1-

(ii) When half-life = 256 min,

    k
t

= =
´

-ln

/

2

1 2

10.693

256 60
s  = ´ - -4.5 10 5 1s

Þ   
1.25 104´

=
T

 14.34 – log 4.5 ´ -10 5  = 16.68

Þ      T =
´

=
1.25 10

16.68
 669 K

4

66.          k
w

w
t = ln 0

Þ                    
ln

ln
2

20
10 6

28.1
´ =

- g

w
 Þ w = ´ -6.1 10 7 g
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67. For 1st order reaction :

k
t

µ
1

1 2/

Þ   ln
(

ln
(/

/

k

k

t

t

450 C)

(380 C)

380 C)

(450 C)

°

°

ì
í
î

ü
ý
þ

=
°

°

ì 1 2

1 2
í
î

ü
ý
þ
 =

-

´

æ

è
çç

ö

ø
÷÷

E

R
a 450 380

727 653

Þ ln
(/

360 200 10 70

727 6531 2

3

t 450 C) 8.314
3.54

°

ì
í
î

ü
ý
þ

=
´

´
´

=

Þ t1 2/ (450°C) =10.37 min   

Þ Time for 75% reaction at 450°C

      = ´ = ´2 21 2t / 10.37 =  20.74 min

68. Comparing the data of experiment number 2 and 3 :

              
R

R

m

3

2

2

3

3

45 10
=

´

´
=

´

´

æ

è
ç
ç

ö

ø
÷
÷

-

-

-

-

1.6 10

4 10

1.0 10

Þ m = 2, order w.r.t. A

Now comparing the data of experiment number 1 and 2 :

      
R

R
2

1

3

4

4

4

2 54 10

5 10

5 10
=

´

´
=

´

´

æ

è
ç
ç

ö

ø
÷
÷

´-

-

-

-

-

2.5 10

6.0 10

3.0 10´

æ

è
ç
ç

ö

ø
÷
÷-5

n

Þ 8 2 22= ( ) ( )n Þ n = 1, order w.r.t. B.

(i) Order with respect to A = 2, order with respect to B = 1.

(ii) At 300 K, R k A B= [ ] [ ]2

Þ        k
R

A B
=

[ ] [ ]2
 =

´

´ ´

-

- -

5.0 10

2.5 10 (3.0 10

4

4 2 5( ) )

  = ´ - -2.66 10 mol8 2s L1 2   

(iii) From first experiment :

Rate (320 K) = k (320 K) (2.5 ´ -10 4 2) (3.0 ´ -10 5)

Þ k (320 K) =
´

´ ´

-

- -

2 10

(2.5 10 (3.0 10

3

4 2 5) )

   = ´ - -1.066 109 s L mol1 2 2.

Þ ln
( )

( )

k

k

E

R

T T

T T
a320

300
2 1

1 2

K

K

ì
í
î

ü
ý
þ

=
-æ

è
çç

ö

ø
÷÷

Þ ln
1.066 10

2.66 10 8.314

9

8

´

´

æ

è
ç
ç

ö

ø
÷
÷ =

´

æ

è
çç

ö

ø

Ea 20

300 320
÷÷

Þ Ea = 55.42 kJ mol 1-

Now   ln lnk A
E

RT
a= -

At 300 K :   ln ( )2.66 108´  = -
´

´
ln A

55.42 10

8.314 300

3

Solving :      ln A = 41.62  Þ  A = ´1.2  1018

69. CH O CH ) CH ( ) + H ( ) + CO (3 3 4 2¾ ¾ ¾®( )g g g g

   At 12 min : 0.40 - p       p     p     p

Total pressure = 0.4 + 2p

Also k
p

´ =
-

= ´ =12
2

12ln
ln0.40

0.40 14.5
1.77 Þ p = 0.175

Þ Total pressure = 0.4 + 2p = 0.4 + 2 ´ 0.175 = 0.75 atm

70. ln
( )

( )

k

k

E

R
a40

25

15

298 313

°

°

ì
í
î

ü
ý
þ

=
´

æ

è
çç

ö

ø
÷÷

C

C

     =
´

´
´

70 1000 15

298 3138.314
 = 1.35

Þ
k

k

( )

( )

40

25

°

°
=

C

C
3.87

Also k (25°C) = =
1

20

100

75

1

20

4

3
ln ln

Þ        k ( )40° =C 3.87 ´ k (25°C) 

       = ´3.87
1

20
ln

4

3
 = ´ - -55.66 10 min3 1

Now k (40°C) ´ =
-

20
100

100
ln

x

Þ    55.66 ´ ´ =
-

-10 20
100

100
3 ln

x
   Þ  x = 67%  

71. (i) A
kA¾® Product

(ii) B
kB

¾® Product

For (i)
E

R
a 10

300 310
2

´

æ

è
çç

ö

ø
÷÷ = ln

Þ Ea (i)     = =9300 2R ln 53.6 kJ

Þ Ea (ii)        = =
Ea ( )i

2
26.8 kJ

At 310 K   t1 2/ (i) = 30 min

Q Rate of (ii)     = 2 rate of (i)

Þ         t1 2/  (ii) = 15 min   

Now for reaction (ii) :

 ln
( )

( )
ln

( )

( )
/

/

k

k

t

t
B

B

310

300

300

310
1 2

1 2

ì
í
î

ü
ý
þ

=
ì
í
î

ü
ý
þ

=
E

R
a ( )ii 10

300 310´

æ

è
çç

ö

ø
÷÷

Þ  ln
( ) ln/t1 2 300

15

2

2

ì
í
î

ü
ý
þ

=  Þ t1 2 300/ ( ) = 21.2 min

Þ            k
t

B ( )
ln

/

300
2

1 2

= = = ´ - -0.693

21.2
3.26  10  min 2  1

72. Initially :

        N ( )1
3

1
1 23 2310

8
2 6 10

20

3
10H H+ = ´ ´ ´ = ´

Þ 1
20 10

3
1

1

1
3

23

1
3

+ =
´N

N N

( )

( ) ( )

H

H H
     

Þ  1
1

8 10

20 10

318

23

1
3

+
´

=
´

» ´
- N ( )H

1.25 1017

Þ       N ( )1
3

23

17

20 10

3 1
1H =

´

´ ´
= ´

1.25 0
5.33 06

Þ       kt
N

N
= ln 0 Þ 

ln
ln

2
40

12.3

5.33 106

´ =
´

N

Þ  N = ´5.6  105  

73. For the reaction :

2N O 4NO + O2 5 2 2¾®

If p0 is the initial pressure, the total pressure after completion of

reaction would be 
5

2
0p .
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Þ 584.5 =
5

2
0p   Þ  p0 = 233.8 mm

Let the pressure of N O2 5 decreases by ‘p’ amount after 30 min.

Therefore,

2N O 4NO + O2 5 2 2¾®

At 30 min : p p0 -      2p   
p

2

  Total pressure = + =p p0

3

2
284.5

Þ p = - =
2

3
(284.5 233.8) 33.8      

Now, kt
p

p p
=

-
ln 0

0

            

Þ    k =
-

-1

30
1ln min

233.8

233.8 33.8
 = ´ - - 5.2  10  min 3  1

74. Arrhenius equation is :

log logk A
E

RT
a= -

2.303

when t1 2/ = 10 min, k
t

= =
´

ln

/

2

1 2

0.693

10 60
 = ´ - -1.115 10 3 1s

Þ
E

RT
A ka

2.303
= -log log       

           = =
´

´ -
log log

A

k

4 10

1.115 10

13

3
 = 16.54

Þ  T
E

R
a=
´

=
´

´ ´2.303 16.54

98.6 1000

2.303 16.54 8.314
    

  =  311.34 K

75. The minimum rate of decay required after 6.909 h is
346 particles min- 1.

Þ Rate = kN

Þ N
k

= =
´ ´

= ´
Rate 346 66.6 60

0.693
1.995 106 atoms

Þ   kt
N

N
= ln 0 Þ 

ln
ln

2 0

66.6
6.909 0.0715´ = =

N

N

Þ    
N

N
0 = 1.074

Þ N 0 = 1.074 ´ =N 1.074 ´ ´1.995 106

 = 2.14 ´106 atoms of Mo   

Þ  Mass of Mo required =
´

´
´

2.14 10

6.023 1023

6

99  = ´ -3.56  10  g 16

76. k = 1.5 ´ - -10 6 1s

kt
x

=
-

ln
100

100
  

Þ         ln
100

100
10 60 606 1

-
= ´ ´ ´ ´- -

x
1.5 10 s s = 0.0054

Þ    
100

100 -
=

x
1.055

Þ x = 5.25% reactant is converted into product.

Half-life = =
´

=
-

ln 2
6k

0.693

1.5 10
462000 s = 128.33 h

77. For a first order process : ln
[ ]

[ ]

A

A
kt0 =  Þ ln [ ] ln [ ]A A kt= -0

If the reactant is in gaseous state

and kt
A

A
1 10

0

0 10
10/ ln

[ ]

[ ] /
ln- =  …(ii)

Therefore, 
t

t
1 8

1 10

8

10
8 3 2 3 0 3 0 9/

/

ln

ln
log log . .= = = = ´ =

Þ 
t

t
1 8

1 10

10 0 9 10 9/

/

.´ = ´ =

     ln lnp p kt= -0 …(i)

where p is the partial pressure of reactant remaining unreacted at 
instant ‘t’ and p0 is its initial partial pressure.

Also, from equation (i), ln p vs t would give a straight line.
Therefore, decomposition of N O2 5 following first order kinetics.

78. k
t

= = = ´- - -ln

/

2

1 2

10.693

5770
yr 1.2  10  yr 4  1

Also kt
f

= = ´ =ln
ln

ln
1 2

5770
11540 4 Þ f = =

1

4
0.25

79. For a first order reaction,

kt
A

A
= ln

[ ]

[ ]

0

where [ ]A 0 = Initial concentration of reactant

   [ ]A = Concentration of reactant remaining
      unreacted at time t.

(i) Þ k
t

A

A
=

1 0ln
[ ]

[ ]
=

-
=

1

10

100

100 20

1

10

5

4
ln ln

                =
- -2.303 (log 5 2 log 2)

10
min 1 = 0.023 min–1

(ii)         t
k k

= =
1 100

25

2 2
ln

ln
 =

´
=

2 0.693

0.023
 60 min

80. Looking at the rate data of experiment number 1 and 2 indicates
that rate is doubled on doubling concentration of A while
concentration of B is constant. Therefore, order with respect to A
is 1. Similarly, comparing data of experiment number 1 and 3,
doubling concentration of B, while concentration of A is
constant, has no effect on rate.

Therefore, order with respect to B is zero.

Þ   Rate = k A[ ]                

Þ                   k
t

= = =-0.005

0.010
0.5 min

0.6931

1 2/

    

Þ    t1 2/ = =
0.693

0.5
1.386 min
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