1. Elementary reactions have the same value of order and molecularity because the elementary reaction proceeds in a single step.

Solution

CHEMICAL KINETICS

Class 12 - Chemistry

2. The number of reacting species (atoms, ions or molecules) taking part in an elementary reaction, which must collide

3.

simultaneously in order to bring about a chemical reaction is called molecularity of a reaction.

i. Rate of growth of population, if there is no change of birth and death rates.

ii. Radioactive decay in which the number of nuclei disintegrating is proportional to the number of nuclei present.

4. For first order reaction, ¢, , = 0.693/k

it is provided that t;,» = 60 min
then, k = 0.693/60 = 0.01386 min-1

5. The rate law is experimentally determined. It cannot be predicted by merely looking at the balanced chemical equation.

6.

7.

Order of Reaction Unit of k

1. Zero order reaction mol L~ ts1
2. First order reaction s1

3. Second order mol~! Ls™!

4. n* order reaction

(mol/ L)' s~}

- - 0.693
For a first order reaction, 1 /2 = %

009 _ 1.26 x 10"s

5.5x10 4sec—

So, t1/2 =

8. The properties of products formed are entirely different from that of the reactants, therefore, chemical reactions are irreversible.

9.

10.

11.

12.

a. Rate =k [AX [B)Y

order of areaction=x +y

So order = % + % =2, i.e., second order
b.order = 2 +(-1) = 2, i.e., half order.

2 Hy(g) + Ox(g) — 2 HyO()

This reaction does not take place at the room temperature because the activation energy of the reaction is very high.

It is given that a reaction is first order in A and second order in B.

a. The differential rate equation will be

18 _ k4)(BP

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

ar 2 _ 2
- = k[A][3B]* = 9.k[A][ B
Therefore, the rate of reaction will increase 9 times.

c. When the concentrations of both A and B are doubled,

— Y _ KA|[B2 = k24][2B]2 = 8.k 4] B’

Therefore, the rate of reaction will increase 8 times.
For the reaction 2N205(g) — 4NO2(g) + O2(g)
Assume rate law expression as
Rate = k[N, O5]*

According to question

34 x 107° = k[1.13 x 1073]* ... (i)
25 x 107° = k[0.84 x 10 %]* ...(ii)
18 x 107 = k[0.62 x 10~ 2] ...(iii)
From eq.(i) and eq.(ii)

34x1075 _ K[1.13x107%

25%10°  k[0.84x1072["
[1.36] = [1.36]"

x=1
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13.

14.

15.

i. Order of reaction=1
ii. Rate law expression
Rate = k[NQOd

iii. Rate constant

k= [Rate] — 34x10-5
[N205) 1.13x1072

k=30.09 x 1073
k=3.0 x 10 *min!
Here T7 = 300K
T, = 310K
k1 =6.0 x 1074571
E, =3.05 x 10°J mol ™!
and ko =7
We know that

logks — logk, = Eq [TrTl}

2303R | T\Th
4 __ _3.05x10° 310—300
logky —10g6.0 x 107" = o005 (310><300)
3.05x10° 10
logky — (-4 + 0-77823 ; o147 X 93000
. X
logky — (—3.2218) = {5777 g3
log ko + 3.2218 = 1.7128
log ky = 1.7128 - 3.2218
log ks = —1.5090
ks = antilog (—1.5090)
ky = 3.097 x 107257 ¢
Here T; = 600K
Tp = 700K
E, =209KJ/mol
= 209000Jmol *
ki =1.60 x 1079571
ky =7
Using the formula
k B, [B-T
log k 2,303R|: T Ty }
Ea [ 700-600
logky —logk1 = 53557 [600x700]

—5 __ __209000 100
logks —log1.60 x 107 = 55520 [600><700:|

log k2 = log 1.60 x 107° + 2.599
log ke = —4.796 + 2.599
=-2.197

ko= anti log (-2.197)

=6.36 x 1073571
T;=273+50=323K
Tr=273+100=373K

K1: K
Kz =3K
Using the formula,
Ky  E, T,-Ty
log K, 2.3031{[ T\ Ty }
lo 3K E, 373-323
€ K T 2.303x8.314 | 373x323

log3 — E, x50
0go = 2.303x8.314x373x323
E, =22011.76 J mol !
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16. The thermal decomposition of SO C'5 at a constant volume can be represented by the following equation:

,OSO2Cl2(g) = 50yg) + Clyg)
= Py 0 0
Py—p D D

At t
At t=t
After time, t, total pressure, P, = (Py — p) +p+ p
P=R+pp=FH-F

Therefore,

Py—p=PFP — (P,—PR)=2P — P,

For a first order reaction,

_ 2.303 Py
k= ==log o

_2.303 Py
- Tt log 2P)—P,

- _ 2.303 0.5 _ —34-1
When t=100s, k= 100310g 20.5) 06 2.231 x 107 °s

WhenP; = 0.65atm

Py +p=0.65

p=0.6b—- P,

=0.65-0.5

=0.15 atm

Therefore, when the total pressure is 0.65 atm, pressure of SOCLs is

Psoci, =Py —p

=0.5-0.15

=0.35 atm

Hence, the rate of equation, when total pressure is 0.65 atm, is given by,
Rate = k(PSOCl2 )

= (2.23 x 10 %s71) (0.35 atm)

=7.8x10 ‘atms!

17. a. Given half life t;» for decomposition of nitramide=2.1 h

_ 0.693 __ 0.693
ti/2 2.1h

=0.33 4!

_ 2303 100
to9% = ~ 108 150 99
_ 2.303 100
= = log 100—99

2.303 2.303 2.303
= T(log 100 — logl) = Tlog 100 = _k_ X 2

4606
= Saand 13.96
ii. Amount decomposed = 99% of 6.2 g
6.2x99 _
= "00 -6.138¢g

1 mole of NHy NO5 (62 g) produces 22.4 L at STP
6.138 g will produce= %{1 % 6.138
=2.217 L at STP
b.X—=Y
Rate = k[X]
Rate' = k[3X]2 when concentration of X is increased to 3 times the original concentration
= 9k[X]?> =9 x Rate
The rate of formation of "Y' will increase to 9 times the original rate because reaction is second order and concentration is
increased 3 times.
18. a. Negative sign means that rate of reaction is expressed in term of reactant and concentration of reactant decreases with time.
b. i. For first order reaction
k= 23%8]og 4

_2.303 100
k= 15 log 100—80

=0.015 min!
.. 2.303 100
ii. k= Tlog To

_ 2303
= 0.01510g 10
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=153.53 min

o7 2.303 0.8
fii. k= ==log 55 5%
_ 2303 080
= 0.015"°8 { 64
_ 2308 . 10
= 0.015°8 %
=15 min
19. From Arrhenius equation, we obtain log :_':’ =5 ?%313 <T;;T12“1 )
Also, k1 = 4.5 x 103571
T, =273+10=283K
ky=1.5x 10" s
E, =60kJmol !t =6.0 x 10* J mol*
! 4 -1 T,—283
Then, lo 1.5x10°7 _ 6.0x10% Jmol ( 5 )
& 4.5x103 2.303%8.314 JK tmol 1 \ 283T

0.5229 — 3133.6279 (w>

283T,
0.5229% 2837}
3133.627 T, — 283

0.0472 T, =T, - 283, 0.9528 T, = 283
Ty =297.019 K (approximately)

=297 K =240C
Hence, k would be 1.5 x 10%s~tat 24°C.

www.saitechinfo.com 4/4



