
Class - XII _ Chemistry
Ch. 4 - Chemical Kinetics

NCERT Solutions

Q 1. From the rate expression for the following reactions, determine their order of reaction and the 

dimensions of the rate constants. 

2 
(a) 3 NO(g) -+ N20(g) Rate= k [NO]

Ans: 

(a) Given rate = k [N0]2

Therefore, order of the reaction = 2 

Dimensions of k = Rate 

(N0]2 

molL 1 s 1 

(mol L 1)2 

molL 1 s 1 

mol2 L 2 

Therefore, order of the reaction = 2 

Dimensions of k = Rate 

[H202](I ] 

molL 1 S 1 

( mol L 1 ) ( mol L 1) 

(c) Given rate = = k [CH3CH0]2



Dimensions of k =

molL 1 s 1 

(mol L 1)2 

molL 1 s 1 

mol'l L2 

Rate 

Therefore, order of the reaction = 1 

molL 1 s 1 

mol L 1 

Q 2. For the reaction: 2A + B --+ A2 B is k [A] [B]
2 

with k = 2.0 x 10-6 moz-2 L2 s-1.

Calculate the initial rate of the reaction when [A] = 0.1 mol L-1, [B] = 0.2 mol L-1. Calculate the rate of 

reaction after [A] is reduced to 0.06 mol L-1 

Ans: 

The initial rate of reaction is 

Rate = k [A] [B] 2 

When [A] is reduced from 0.1 mol L-1 to 0.06 mol L-1, the concentration of A reacted = 

(0.1-0.06) mol L-1 
= 0.04 mol L-1

Therefore, concentration of B reacted = .! x 0.04 mol L-1 = 0.02 mol L-1
2 





reaction rate is given by Rate= k [CH30 CH3]2 

The rate of reaction is followed by an increase in pressure in a closed vessel, so the rate can also be 
expressed in terms of the partial pressure of dimethyl ether, i.e., 

3 

Rate= k (PcH30CH3) 2 

If the pressure is measured in bar and time in minutes , then what are the units of rate and rate 
constants? 

The decomposition of dimethyl ether leads to the formation of CH4, H2 and CO and the reaction rate is 
given by Rate = k [CH30CH3] 3/2 The rate of reaction is followed by increase in pressure in a closed 
vessel , so the rate can also be expressed in terms of the partial pressure of dimethyl ether, Rate = k 
p(CH OCH3 )3/2. If the pressure is measured in bar and time in minutes, then what are the units of rate 
and rate constants? 

Ans: 

If pressure is measured in bar and time in minutes, then 

3 

Unit of rate= bas min-1 Rate= k (PcH30CH3 ) 2 

=> k =
Rate 

k( PcH3oCH3 ) 2 

◄ ► 

Therefore, unit of rate constants ( k) = 
bar min 1 

bar� 

Q 5. Mention the factors that affect the rate of a chemical reaction. 

Ans: 

The factors which are responsible for the effect in chemical reaction's rate are: 

(a) Temperature

(b) Presence of a catalyst

(c) The concentration of reactants (pressure in case of gases)

Q 6. A reaction is second order with respect to a reactant. How is the rate of reaction affected if the 
concentration of the reactant is (i) doubled (ii) reduced to half ? 

Ans: 

Let the concentration of the reactant be [A] = a 

Rate of reaction, R = k[A] 2

= ka
2

(a) If the concentration of the reactant is doubled, i.e [A] = 2a, then the rate if the reaction would be



4ka
2

=4R 

Therefore, the rate of the reaction now will be 4 times the original rate. 

(b) If the concentration of the reactant is reduced to half, i.e [A] 

would be 

½a, then the rate of the reaction 

Therefore, the rate of the reaction will be reduced to ¼ th

Q 7. What is the effect of temperature on the rate constant of a reaction? How can this effect of 

temperature on rate constant be represented quantitatively? 

Ans: 

When a temperature of 10° rises for a chemical reaction then the rate constant increases and becomes 

near to double of its original value. 

The temperature effect on the rate constant can be represented quantitatively by Arrhenius equation, 

Where, 

k = rate constant, 

A = Frequency factor/ Arrhenius factor, 

R = gas constant 

T = temperature 

E
a 

= activation energy for the reaction. 

Q 8. In a pseudo first order reaction in water, the following results were obtained: 

(Ester)mol / L 

0 

0.55 

30 

0.31 

60 

0.17 

Calculate the average rate of reaction between the time interval 30 to 60 seconds. 

Ans: 

90 

0.085 



d[Ester] 
dt 

0.31-0.17 
60-30

0.14 
30 

4.67 X 10-
3 

mol z-
1 

s-
1 

(b) For a pseudo first order reaction,

k = 2.303 log [R] 0 

t [R] 

Fort= 30 s

k1 = 2.303 log o.55 
30 0.31 

1.911 X 10-
2 S-l

Fort= 60 s

k2 = 2.303 log o.5560 0.17 

1.957 X 10-2 S-l

Fort= 90 s 

k3 = 2.303 log o.55 90 0.085 

Then avg rate constant k = k1 +k2+k3 ' ' 
3 

(L9llxl0 2)+(1.957xl0 2)+(2.075xl0 2) 

3 

Q 9. A reaction is first order in A and second order in B. 

(i) Write the differential rate equation.



(ii) How is the rate affected on increasing the concentration of B three times?

(iii) How is the rate affected when the concentrations of both A and B are doubled?

Ans: 

(a) The differential rate equation will be

- d1�l = k [A] [B]2

(b) If the concentration of B is increased three times, then

- d1�l = k [A] [3B] 2

= 9.k [A] [B]2

Therefore, the reaction rat will be increased by 9 times. 

(c) When the concentrations of both A and Bare doubled,

- d1�l = k [2] [2B]2

8.k [A] [B]2

Therefore, the rate of reaction will increase 8 times. 

Q10. In a reaction between A and B, the initial rate of reaction (rO) was measured for different initial 

concentrations of A and B as given below: 

0.20 0.20 

A/nwl L 1 

0.30 0.10 

B/mol L 1 

ro/mol L Is 1 5.07 X 10 5 5.07 X 10 5 

What is the order of the reaction with respect to A and B? 

Ans: 

Let the order of the reaction with respect to A be x and with respect to B be y. 

Then, 

5.07 x 10-5 = k [o.2ot [o.3o]Y ( i) 

5.07 x 10-5 = k [o.2ot [o.10J Y ( ii) 

1.43 x 10-4 = k [0.40t [0.05]y ( iii) 

Dividing equation (i) by (ii), we get 

0.40 

0.05 

1.43 X 10 4













0 1.63 -1.79 

400 1 36 -1.87 

800 1.14 -1.94 

1200 0.93 -2.03 

1600 0.78 -2.11 

2000 0.64 -2.19 

2400 0.53 -2.28 

2800 0.43 -2.37 

3200 0.35 -2.46 

" 

_,. 

�•�-----
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(d) The given reaction is of the first order as the plot, log [N2 05 ] v/s t, is a straight line.

Therefore, the rate law of the reaction is 

Rate = k [N20s] 

(e) From the plot, log [N2 05 ] v/s t, we obtain

Slope = -2.46-(-1.79)
3200-0 

-0.67
3200

Again, slope of the line of the plot log [N2 05 ] v/s t is given by 

Therefore, we obtain, 

0.67 
-3200



(f) Half - life is given by,

0.639 

0.693 
S 4.82xl0 4 

1.483 S103 

= 1438s 

This value, 1438 s, is very close to the value that was obtained from the graph. 

Q 16. The rate constant for a first order reaction is 60 s-1. How much time will it take to reduce the 

initial concentration of the reactant to its 1116th value? 

Ans: 

It is known that, 

t = 2.303 log [R] 0 

k [R] 

2.303 log _1_ 
6()sl 1/6 

2.303 log 16
60 s 

1 

4.6 x 10-2 (approximately)

Hence, the required time is 4.6 x 10-2 
s.

Q 17. During nuclear explosion, one of the products is 90Sr with half-life of 28.1 years. If 1 µg of 90Sr 

was absorbed in the bones of a newly born baby instead of calcium, how much of it will remain after 10 

years and 60 years if it is not lost metabolically. 

Ans: 

k= 

Here, 

0.693 
t1 

0.693 
y

-1
28.1 

It is known that, 

t = 2.303 log [R] 0 

k [R] 

⇒ 10 = 20.�i} log l1l
28.1 



1 [Rl 
lOx0.693 

⇒ og = -2.303x28.1 

⇒ [R] = antilog (-0.1071)

antiog (1.8929) 

= 0.7814µg 

Therefore, 0. 7814 µg of 90 Sr will remain after 10 years.

Again, 

t = 2.303 log [R] 0 

k [R] 

⇒ 60 = 21d&33 log _l_
2IT [R] 

z [R] 6oxo.693 
⇒ og = -2.303x28.1

[R] = antilog (-0.6425)

antilog (1.3575) 

= 0.2278µg 

Therefore, 0.2278µg of 90 Sr will remain after 60 years.

Q 18. For a first order reaction, show that time required for 99% completion is twice the time required 

for the completion of 90% of reaction. 

Ans: 

For a first order reaction, the time required for 99% completion is 

t = 2.303 log _lQ_Q_1 k 100-99 

2°i03 log 100 

= 2 X 2.%03

For a first order reaction, the time required for 90% completion is 



2'%03 log 10

2.303 
-k

-

Therefore, t1 = 2 t2 

Hence, the time required for 99% completion of a first order reaction is twice the time required for the 
completion of 90% of the reaction. 

Q 19. A first order reaction takes 40 min for 30% decomposition. Calculate t1/2. 

Ans: 

For a first order reaction, 

t = 
2.303 log [R] 0 

k [R] 

k
= 

2.303 log __lQ_Q_40 min 100-30 

2.303 log 
10

40 min 7 

8.918 x 10-3 min- 1

Therefore, t 1 of the decomposition reaction is 
2 

0.693 
8.918xl0 3 min 

= 77.7 min (approximately) 

Q 20. For the decomposition of azoisopropane to hexane and nitrogen at 543K, the following data are 

obtained. 

t(sec) 

0 

360 

720 

Calculate the rate constant. 

Ans: 

P(mm of Hg) 

35.0 

54.0 

63.0 





















⇒ log(4.51 X 10-5) = 14.34-1.25xi04 K

⇒ log (0.654-05) = 14.34 1.25x104 KT 

⇒
1.25x104 

K

T

668.95 K

18.686

= 669 K (approximately)

Q 28. The decomposition of A into product has value of k as 4.5 x 103 s-1 at 10°c and energy of 

activation 60 kJ mol-1. At what temperature would k be 1.5 x 104s -1? 

Ans: 

From Arrhenius equation, we obtain 

Also, k1 = 4.5 x 103 s-1 T1 = 273 + 10 = 283 K k2

= 1.5 X 104 S-l

Ea = 60 kJ mol-1
= 6.0 X 104 J mol-1

Then, 

4 log l.5x10 
4.5x103 

__ 6_.0_x_l_04 _J_m_ol_1 �(�-283 )2.303x8.314 J K 1 mol 1 283 T2 

⇒ 0.5229 = 3133 627 ( Ti-283). 283 T2 

⇒
0.5229x283 T2

3133.627 

⇒ 0.9528 T2 = 283

⇒ T2 = 297.019 K (approximately)

297 K

= 24°



Q 29. The time required for 10% completion of a first order reaction at 298K is equal to that required 
for its 25% completion at 308K. If the value of A is 4 x 101 Os -1. Calculate k at 31 SK and Ea. 
Ans: 
For a first order reaction, 

t = 2.303 log _Q_ 
k a-x 

at 298 K t = 
2·303 log 100' k 90 

0.1054
-k-

at 208 K t' = 2·303 log 100' k' 75 

2.2877
----v-

According to the question, 

t = t'

0.2877
----v-

k' 
=> k = 2.7296 

From Arrhenius equation, we get 

k' _ Ea (T'-T)log k - 2.303 R TT' 

=> log (2. 7296) = Ea ( 308-298 )2.303x8.314 298x308 

E 2.303x8.314x298x308xlog(2.7296)
=> a = 308-298

76640.096 J moz-1

= 76.64 kJ moz-1

To calculate k at 318 K, 

It is given that, A = 4 x 1010 s-1 , T = 318 K

Again, from Arrhenius equation, we get 






