_ s m—e—e—-——————r——_—-—-r—_-r-:G—--_-Gr-:r-_-—-—|,:r-r-—rGr—-—:-—-r-—-rr-—-—-—r—-:—r-.-_,,-—-—----—-—--— "7

Chemical Kinetics

( Fastracl Revision )

» Chemical kinetics Is the branch of chemistry which deals
with the study of reaction rates and their mechanisms.

> Rate of a Chemical Reaction: Rate of a reaction Is the
change in concentration of a reactant or product in unit
time.
» Forthe reaction, R —— P
Rate of reaction w .. AlR) o AlP)
At At

where, Rate of disappearance of reactant R = - m.

and Rate of formation of product P = + Alf]

» Unit of rate of 3 reactlon is mol L~! s~! or mol L™ min~!

(in liquid form) and atm s=' or atm min-" (in gaseous farm).
» Instantaneous Rate: For the reaction,
ny A+ n, B —— m,C+ m, D, the instantaneous rates can be
represented in the Following manner:

1 d[D)
— — — —— + = 4 —
n, dt n, dt m, dt m, dt

> Factors AFfecting the Rate of Reactlon
Concentratlon of reactants
Temperature of reactlon

Pressure of reaction

Presence of catalyst

Nature of reactants

Surface area of reactants

Effect of radiations

> Rate Law

» It is the representation of rate of reaction in terms of
concentratlon of the reactants. It Is also called as rate
exprassion or rate equation.

» Forageneral reaction, gA + b8—- cC+ dD

Rate = k[A]9[8]¢

—d[R] arab
T”HA] (8]

YVYVYYVYY

v

where, k = proportionality constant or rate constant,
oand bare expanents,

» Order of a Reaction

> It is the sum of powers of the concentration of the
reactants in the rate law expresslon.

> Orderofareactioncanbe0,1,2,3and evena fraction.

> Reactlons taking place in one step are called
elementary reactions.

> Whenasequence of elementary reactlons glves us the
products, the reactlons are called complex reactions.

» Molecularity of a Reaction

» |t is the number of reacting species (atoms, lons ar
molecules) taking part In an elementary reaction
which must collide simultaneously In order to bring
about a chemical reaction.

» For a complex reaction, molecularity of the slowest
step is same as the order of the overall reaction.

» The slowest step In a reaction mechanism Is called the
rate determining step.

» Integrated Rate Equations

» These are different For the reactlons of different
reaction orders.

» Half-lIfe of a reaction is the time in which the
concentration of a reactant Is reduced to one half (')
of its initial concentration and is represented as ¢, ,.

» Life time is the time in which 98% of the reaction is
campleted.
» For a Zero Order Reaction
> Rate = k[A)?
> Integrated rate law, [A],=— kt+ [A],

or g lA-lA)
t

where, [A], = initial concentration,

(A], « final concentration after time '¢’,
» Unlt of the rate constant 'k’ Is mol L=! g=1,

; A
» Half-life period, by [—if}c_u (b= (A],)
» For a First Order Reaction
> Rate = k{A]
> Integrated rate law,
In [A], =~ kt+In [A],

2.303 (A)
or k l';l—-——-log _Q
3 10 [A](

- b 2303 a

t 910 (a—=x)

where, a=inltial concentration,
(a-x) = concentration after time "¢’
» Unltof 'k"is s=' or min=',
0.693
> Half-life period, ¢y, —
(Thus, half-life Is independent of [R],.)
» For a Second Order Reactlon
» Rate = k[A]?

> Integrated rate law, .[;.q, kt ..._L_.

Ale (Al
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or o

» Unltof 'k Ismol™' Ls~' or M~1s~1 where, M [s molarlty.
. 1
k[Al, kxa

» HalFlife perlod, t;/; =

» For nth Order Reaction

> Rate = k[A]"
1

1
2(”—1} =1
k(n=1[A}""

> Integrated rate law, (n -1kt =

> Half-life period, t;/; =

» Pseudo First Order Reactlon: This reaction is not truly

of the first order but under certaln conditions become
reaction of first order.

For example, acldic hydrolysls of ester (ethyl acetate).

» Arrhenius Equation: The temperature dependence of rate

of a chemical reaction is expressed by Arrhenius equation.
k= A e€alRT

where, A « Arrhenlus Ffactor or Ffrequency Factor,

E, = activation energy (in J mol™'), R « gas constant and

T temperature.

> Activation Energy: It is given by the energy difference

between activated complex and the reactant molecules.

It is the energy needed to form the intermediate called
activated complex or it is the extra energy contained by
the reactant molecules that results into effective collisions
between them to Form the products.

IF k, and k, are rate constants at temperature T, and T,
respectively, then

|Og£2_:_Er_J_ L Gl
k, 2.303R | T,.T,

Catalyst: A catalyst Is a substance which Increases the
rate of reaction without itself undergoing any permanent
chemical change.

Characteristics of Catalyst:

> It does alter Gibbs energy (AG) of a reaction.
> It catalyses the spontaneous reactions but does not
catalyse non-spontaneous reactions.

> It does not change the equilibrium constant.

> It catalyse Forward as well as backward reactions.
Collision Theory: According to this theory, rate of reaction
dependson the collision frequency and effective collisions.
The number of collislans per second per unit volume of
the reaction mixture is known as collision frequency (z).
Thus, In collision theory actlvation energy and proper
orlentatlon of the molecules together determine the

criteria For an effective collision and hence the rate of a
chemical reaction.

& Practice Exercise

“@ Multiple choice Questions

QL1 The unit of rate constant for a first order reaction

Is:
a. mol L' g b. L mol' g
c. g™ d. mol L™
Q2. The velocity (rate) for a zero order reaction:
A+B —. C

a. rate = k (A]9 (B)°
c. rate = k (A)2 (B)!

Q3. For a zero order reaction of the type
A —— products, the rate equation may be
expressed as: (COSE 2023)

(A=) o A= (A
t t
G ?:[A]

Q4 The rate constant for the reaction,

A + 2B —.» product is expressed by R = [A] [B)%
The order of reaction will be:
a. 2 b. 3
c b5 d. 6

Q6. The order of the reaction
Hy(g) +Cly(g) —->2HCL(g) Is:

b. rate = k [A)' [B)?
d. None of these

a. I

d. k -[eﬁ]»gz—iq-)‘t

(COSE 2023)
a. 2 b. 1
c 0 d 3

Q6. A first order reaction takes 30 minutes for 50%
completion. The value of rate canstant & would be:
(CBSE 2023)
b. 275 x 10~4 min™!
d. 231x10°2 min~!

a. 2.5 %102 min™
c. 1.25 %1073 min-!

Q7. Theslope Inthe plot of log % vs time for a first

arder reaction Is: (CBSE 2023)
+Kk

. . +k

® 3303 b+

ek, d. -k
2303

Q8. In a reaction, the initdal concentration of the
reactants increases four fold and the rate becomes
sixteen times its initial value. The arder of the
reaction is: (CBSE 2023)
a. 2.0 b. 35 c. 15 d 25

Q9. Which of the following statement is true?

(CBSESQP2023-24)
a. Molecularity of reactlon can be zero or a fraction.
b. Molecularity has no meaning for complex
reactions.
¢. Molecularity of a reaction I3 an experimental
quantity
d. Reactions with the molecularity three are very
rare but are fast
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Q1l0.

Q.

Ql2.

Q1a.

Q4.

Q8.

Q16.

QL.

Q4.

The time required for the half-completion (¢, ,) of
a first order reaction is:

a. dependent on its initlal concentration

b. Inversely proportlonal to Its Inltlal cancentration
c. independent of its initial concentration

d. dependent on square raot af its Inltal cancentration
The half-life period of a first order reaction is 400s.
Its rate constant will be:

a. 173 x 103 ¢! b. 144 x 1073 g7

L [ e d. 288 x103¢g"

If a reaction abeys the following equation:
_2.303 a

k o
t 910 (a—x)

The order of reaction will be:

a. zero b. first c. second d. third

The half-life of a reaction Is doubled when the
initial concentration is doubled. The order of the

reactlon Is: (CBSE2023)
a. 1 b. 2 c 4 d 0O

For the reaction, A+2B8 — AB,, the order w.r.t.
reactant A is 2 and w.r.t. reactant B. What will be
change in rate of reaction if the concentration of A
is doubled and B is halved? (CBSE SQP 2022-23)
a. increases four times

b. decreases four times

C. increases two times

d. no change

d[A
For the reaction 3A — 2B, rate of reaction —%
is equal to: (CBSE2023)
+34(8) +24(8)
& T I
+1d(8) g Hd8)
3 dt S 2 dt

The number of molecules that react with each
other in an elementary reaction is a measure of
the: (CBSE2023)
a. activation energy of the reaction

b. order of the reactlon

c. stolchiometry of the reaction

d. molecularity of the reaction

The value of rate constant for a first order reaction
is 2,303 x 10-Zs-1. What will be the time requirad
to reduce the concentration to 1/10th of tts Initial
concentration?

a. 100 s b. 10s c. 2303s d. 2303s
The half-life for a first order reaction is 4 minutes.
The time after which 99.9% reaction gets
complated is:
a. 16 minutos
c. 32 minutes

b. 8 minutes
d. 40 minutes

Q19.

Q2e.

Q2L

Q22.

Q2a.

If the inftial concentration of substance A is
1.5 M and after 120 seconds the concentration of
substance A is 0.75 M, the rate constant for the
reaction if it follows zero order kinetics is:
(CBSESQP 2023-24)
a. 0.00625 mol L5
b. 0.00625 s
¢. 0.00578 mol L-g"!
d. 0.00578 s~
Which radioactive isotope would have the longer
half life 150 or 1°0? (Given rate constants for 150
and %0 are 5.63 x 103 sl and k= 2.38 x 10-2%s~1
respectively): (CBSESQP 2022-23)
a. 150
b. 180
c. Both will have the same half life
d. None of the above Information given is Insufficient
Arrhenius equatlon can be represented graphically
as follows:
Ink(s™"
TiE=)
The (i) intercept and (i) slope of the graph are :
(COSESQP 2022-23)

a. (NtnA)E/R
b. (1) A (i) =€,
c. (i)nA(i)—E,/R
d. (I) A(ll) =Ea
Activation energy of a chemical reaction can be
calculated by: (NCERT EXEMPLAR)
a. determining the rate constant at standard

temperature
b. determining the rate constant at two

temperatures
c. determining the probabllty of collision
d. using catalyst
Which of the following graphs represents
exothermic reaction? (NCERT EXEMPLAR)

Aclivalod complax

)
() %’

B Resctlants

E Products

&

Rencllon coordinply —»

L
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Q 24.

Q 25.

Actvaled complex c Activation energy of both fanward and backward
reaction is E, + €, and reactant is more stable
T than product.
i) E d. Actlvation energy of backward reaction is £, and
[ B product is more stable than reactant.
E Q 26. The role of a catalyst is to change: (NCERT EXEMPLAR)
£| Reactants a. Glbbs' energy of reactlon
a

b. enthalpy of reaction
c. activation energy of reaction

Resclon coordinate —

Activated complex d. equilibrium constant
Q27. Which of the following Is affected by catalyst?
T (CB5E2023)
i B e a. aH - b. AG o E, d. AS
§ -q) Assertion & Reason Type Questions N
R
g Babbiania Priidiiai DlraFtIons (Q. Nos. 28-34): Egch of fft’"’ following quesn'on_s
consists of two statements, one (s Assertion (A) and the other (s
Resclon coordinate ——— Reason (R). Give answer:
a. (1) only b. (il) only a. Both Assertion (A) and Reason (R) are true and
& (illanly d. (i):and (i) Reason (R) Is the correct explanatlon of Assertlon
According to Arrhenius equation rate constant (A).

b, Both Assertion (A) and Reason (R) are true but

kls equal to ae“/A7. Which of the following Reason (R) ks not the correct explanation of

options represents the graph of Ink vsl? Assertion (A).
5 ¢. Assertion (A) is true but Reasan (R) Is false.
(REERTEREMELAR) d. Assertion (A) Is false but Reason (R) Is true.

Q 28. Assertion (A): Order of the reaction can be zero or

T T fractional.
S o Bl o Reason (R): We cannot determine arder from
= i balanced chemical equation. (NCERT EXEMPLAR)

Q 29. Assertion (A): Order and molecularity of a reaction
are always same.
Reason (R): Complex reactions involve a sequence
of elementary reactions and the slowest step is
rate determining. (CBSE 2023)

Q 30. Assertion (A): Order and molecularity are same.
Reason (R): Order is determined experimentally
and molecularity is the sum of the stoichiometric
coefficlent of rate determining elementary step.

1T —> YT —>

M
Ink —»
a

Ink —»

T T~ (NCERT EXEMPLAR)
Consider the given figure and mark the correct Q3L Assertion (A): The molecularity of the reaction
option. (NCERT EXEMPLAR) H, + Br, — 2HBr appears to be 2.
1 Activaled complex Reason (R): Two maolecules of the reactants are
1 involved in the given elementary reaction.
‘ (CBSE2023)
T B2 Q 32. Assertion (A): The enthalpy of reaction remains
2 - constant in the presence of a catalyst.
B Praduola Reason (R): A catalyst participating in the reaction,
_2 E, forms different activated complex and lowers
a2 down the activation energy but the difference
5 LA in energy of reactants and products remains the
Resctanis same. (NCERT EXEMPLAR)
" Q 33. Assertion (A): All collisians of reactant molecules
Reaclion coordinale -+ lead to product formatlon.
a. Activation energy of forward reaction Is £, + €, Reason (R): Only those collisions in which
and product |9 less stable than reactant. molecules have correct orlentation and sufficlent
b. Activation energy of forward reaction is €, + E, kinetic energy lead to compound formatlan.
and product Is more stable than reactant. (NCERT EXEMPLAR)
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complex molecules.

Reason (R): Reactant molecules undergo chemical change Irrespective of their orientation during collislon.

Q 34. Assertion (A): Rate constant determined from Arrhenius equation are fairly accurate for simple as well as

(NCERT EXEMPLAR)

| Answers |
A 4

mol L~ S
5 (moll™)!

1. (c) Unit=

2. (a) rate = k [A)9 [B)°

3. (3) ko) r‘“‘]

4. (b)3

5. (c) Given reaction is a photochemical reaction and
the order of all such reactions is zero as it does not
depend upon the concentration of reactants.

6. (d) For a first order reaction. the relation between t,,

and rate constantis ¢, = @

06930693
bz

+k
7 &) 5553
B. (a) According to the rate law.

r=k(A) )
where k = rate constant
Now, on increasing the concentration four fold and
rate sixteen times Its initlal value.
16re k [4A)" wl2)
Combining eqs. (1) and (2). we get
16 = 47
or, 4% = 40
or,n=20
Hence. the arder of the reaction is 2.0.
9, (b) Molecularity has no meaning for complex
reactlons.

10. (c) Independent of Its Initlal concentration
1. (8] Given, tU’Z w 400s

=231x10%min™!

— K

For first order reaction. ¢ 5 = @
” b 0.693 5 e 0.693
typ 400
= 0.0017325
=173 x10¥¢"!

12. (b) first
13. (d) We know that half life Is related to concentratian
as:
tyy @ (A)'™" where n = order of the reaction

Here, Nw2
1

bz = )

14,

15.

16.
17.

18.

19.

Farn=0. t;=(A]
If t,,, Is doubled. (A] is alsa doubled. so the reactlon Is

of zero order.
(a) Increases four times
Given: order w.r.t. reactant A = 2
So. for the given reaction, Rate = (A)2
If (A) Is doubled. then Rate = (2A)? = 4 (A)? = 4 Rate
(a) Glven reaction is 3A - 28
Far this reaction,

-1d(A) 1d(B)
te of o et i s . L
rate of reactlon W
—d(A) _3d(B)
de 2 de

(d) molecularlty of the reaction
(a) Let Initlal concentration be a
1 a
Then. final concentration (0 -x)=—0ofa=—
51 (g-%)=55 10
Faor first order reaction,

- 2.303 fer a
k 8o~x

[

2303 - a
2303x102 ~a/l0
= 100 log 10

t =100s.

(d) For a first order reactlan,

0.693 0.693
=y =

V2= _k 5

0,693 )
4

Also, te —2'30310g =
a-x

I 10
2303 x4 100

fw 1
0.693 08 (100-99.9) (From eq. (1))

. 2303 x4
0.693

_ 2303x4x3
0.693

=

log 1000

=39.9 = 40 minutes

(8) For zero order kinetlcs, the rate constant,

-0

15-0.
” 5-075
120
w 0.00625 mol L-'s-!

ar,

L
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20.

21,

22.
23,

24,

25,

26.
27.

2B.

29.

30.

31

32.

33.

34,

(a) 50
The rate constant for the decay of 30 is less than
that for 0. therefare, the rate of decay of '°0 will be
slower and will have a longer half-life as compared
to 90.

(A (I)-€,/R

In Arrhenius equation, a plot of In k with 1/T gives a
straight line with slope «» ~E,/R and intercept = ln A.
(b) determining the rate constant at two temperatures

(a) (1) only

Ink—>

YT
(a) Activation energy of forward reactlon Is £, + E,
and product Is less stable than reactant.

(c) activation energy of reaction

(0 &,

(b) Both Assertion (A) and Reason (R) are true but
Reason (R) Is not the correct explanation of
Assertion (A).

(d) Order and molecularity are same for an
elementary reaction because such reactions
proceed in a single step but they are not same for
all reactlons. So, assertion Is false.

(d) Order and molecularity may or may nat be same
as order can be zero and even a fraction but
malecularity cannot be zero or a non-Integer.

(8) In the given reaction. two moles of reactants
le. H, and Br, are In the elementary step of the
reaction and ﬁlEﬂCE. the molecularity appears to
be 2. It is clear that both assertion and reasons
are true and reason Is the carrect explanation of
assertion.

(a) Both Assertion (A) and Reason (R) are true and
Reason (R) Is the carrect explanation of Assertion
(A).

(d) Only effective collisions lead to the formation of
product so asgsertion |s false but reason Is true
as it defines the correct meaning of effective
collisian.

(c) Assertion (A) Is true but Reason (R) I false.

*' Case Study Based questions Ny

Case Study 1

The instantancous rate can be measured by
determination of slope of the tangent at point ‘r’ in
concentration vs time plot. This makes it difficult
to determine the rate law and hence the order of
the reaction. In order o avoid this difficulty, we
can integrate the differential rate equation to give
arelation between directly measured experimental
datn, i.e., concentrations at different times and rate
constant,

The integrated rate equation are different for the
reactions of different reaction orders. We shall
determine these equations only for zero and first
order chemical reactions.

Zero order reaction means that the rate of the
reaction is proportional to zero power of the
concentration of reactants. Consider the reaction,

R —— P, Rate = d[R)/d! = k[R]°

First order reaction means that, the rate of the
reaction is proportional to the first power of the
concentration of reactants, R. For the reaction,

R—— P, Rate = -c-f-z[;?e-l: k[R] and the integrating

rate equation is k = (1/r) In [R]/[R] where, [R] is
final concentration and [R], is initial concentration
of reactant, respectively.

Read the given passage carefully and give the
answer of the following questions:

Q 1. For a hypothetical reaction,
R —— products; rate = — k[R]. The negative
sign used in the rate expression indlcates:
a. decrease in the concentration of reactants
with time
b. decrease in the rate with time
c. reaction is reverslble
d. None of the above
Q2. Forareaction, P+Q — R+S
The curve which deplcts the varlation of the
concentration of products Is:

Timg —s

a. P b. Q CR d s
Q 3. For the reaction,

Hg(l) + Cly(g9) —— HgCl,(s)
The rate of reaction is given as:

8 A(HRCL, ) _ _A(Hg)
At At
& -ﬁAClt‘?l d. All of these

Q 4. Contact process is used in the formation of
sulphur trioxide,W

250,(g) + 0;(9) == 2505(9)

The rate of reaction can be expressed as

~Al0] 2 5410~ mol LY

L
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Then rate of disappearance of [SO,] will be:
a 500 %1075 mol L'

b. 375 x 10 mol LTs™!

¢ 25x10¢ mol L' 5!

d. 412 x 10~ mol L' 5™

(A |

® LLANswers | »
1. (a) decrease in the concentration of reactants with time
2. (a)P
3. (d) All of these
4. (3)50.0 x 1079 mal L's™!

Case Study 2

The rate law for a chemical reaction relates the
reaction rate with the concentrations or partial
pressures of the reactants. For a general reaction
aA+ bB —— C with no intermediate steps in
its reaction mechanism, meaning that it is an
elementary reaclion, the rate law is given by
r =k[A}" [BY, where [A] and [B] express the
concentrations of A and B in moles per litre.
Exponents x and y vary for each reaction and are
determined experimentally. The value of k varies
with conditions that affect reaction rate, such as
temperature, pressure, surface area, etc. The sum
of these exponents is known as overall reaction
order. A zero order reaction has a constant rate
that is independent of the concentration of the
reactants. A first order reaction depends on the
concentration of only one reactant. A reaction is
said to be second order when the overall order is
two. Once we have determined the order of the
reaction, we can go back and plug in one set of our
initial values and solve for k. (CBSE 2022 Term-2)

Read the given passage carefully and give the

answer of the following questions:

Q1. Calculate the overall order of a reaction which
has the following rate expression:

Rate = k [A]/2[B)*/2

Q 2. What is the effect of temperature on rate of
reaction?

Q 3. A first order reaction takes 77.78 minutes for
50% completion. Calculate the time required
for 30% completion of this reaction (log 10 =
1,log 7 = 0.8450).

OR
A first order reactlon has a rate constant
1x10-® per sec. How long will 5g of this
reactant take to reduce to 3 g?

(log 3 = 0.4771; log 5 = 0.6990)
. Theece |
A
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= L ANnswers | d
1 3 4
1. Overall order of reaction s e+ S e =w?
3232
2. The rate of reactlon Increases on increasing the
temperature.

3. For first arder reaction.

0693

b v k

500 = t

= T778= —0‘3{93

= k= Ll 0.009
77.78

2303 lo a
k g(o— x)

_2303 100
®0.009 “®(100-30)
- 255.89 (log 10 - log 7)
= 255.89 (1-0.8450)

= 39.66 minutes
OR

Given (A)y = 5g. (A) = 3g
and k=1x10-3 per sec
Using,

and Ca0u =

=2.303 %103 (log 5 - log 3)
= 2.303 (0.6990 - 0.4771)
a B1] sec

Case Study 3

The rate of reaction is concerned with decrease
in concentration of reactants or increase in the
concentration of products per unit time. It can
be expressed as instantaneous rate at a particular
instant of time and average rate over a large
interval of time. Mathematical representation of
rate of reaction is given by rate law. Rate constant
and order of a reaction can be determined from
rate law or its integrated rate equation. (CBSE2023)

Read the given passage carefully and give the
answer of the following questions:
Q 1. What is average rate of reaction?
Q2. Write two factors that affect the rate of
reaction.
Q 3. (i) What happens to rate of reaction for zero
order reactlon?
(i) What Is the unit of k for zero order reaction?
OR
() For a reaction P + 2Q — Products.
Rate = k [ P]Y/2[Q]'.What s the ordar of the
reaction?
(ii) Define pseudo first order reaction with an
example.

L
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- l i .
A

LANsSwWers |

1. Average rate of reaction Is defined as the ratio of
change in concentration of reactants or products to
the change in time interval of a chemical reaction.
It Is denoted by 'r* and Is represented as:

change in concentration
time

Average rate of reaction =

Rate (R)z%

2. The two factors that affect the rate of reaction are:
(1) concentratlon of the reactants.
(ii) temperature of the reactants.

3. (i) For zero order reaction. the rate of reaction is
independent of the reactant concentration. Hence,
increasing or decreasing the concentration of the
reacting species has no effect on the reaction rate.

(i) For zero order reaction. the unit of 'K is
mol L-'s~!
OR
3

(1) Order of the reaction :%H:E:IS

(Il) Pseudo first order reactlon Is defined as the reac-
tion which is bimolecular but order Is one.
Far example: acldic hydrolysis of ester (ethyl
acetate).

-' Very Short Answer type Questions N

Q1L What do you mean by velocity of a reaction?
Explain.

Ans. Therate at which concentration of reactants changes
In unlt time Is called velodty of the reactian.
If the change In mole product (concentration) of
reactant during Infinitesimally small time dt Is dx.
then

Veloclty of reaction X
dt

If during the perlod dt the remalning maole of
reactant are dC then
d(C)

Ity of tion m-——=
Veloclty of reaction r

Q2. What is instantaneous veloclty? How could you
predict it?

Ans. The actual velocity of a reactlon at a particular
mament Is called its Instantaneous veloclty. It can
be determined by plotting a graph between time and
concentration. The slope of tangent drawn at a polint
af time vs concentration plot at some speclfic time
and speclfic concentration show the Instantaneous
veloclty of the reactlon.

Q3. For the following reaction, write the average
velocity of the reaction.

nyA + nyB -y myC + myD

Ans.

Q4.

Ans.

Q5.

Ans

Q6.

Ans.
Q7

Ans.

Qa.

Ans.

Qo.
Ans.
Q10.

Ans.

Q1L
Ans.

qQl2

Ans.

Q1l3.
Ans.

For the reaction. n)A +nyB—— m,C+m,0

1 d(A 1 d[B
Average velocity = = c[it] - (gt]
1 2

1dlf] 1 dID|

= — = o —

m, dt m, dt

Far which type of reactions, arder and molecularity
have the same value? (NCERT EXEMPLAR)
Reactions completing in only one step ie, the first

order reactions have same value of order and

molecularity.
State a condition under which a bimolecular
reaction is kinetically first order reaction.

(NCERT EXEMPLAR)
The given condition is possible only when one of the
reactant is in excess and there occurs a very small

change In Its cancentration during the course of the
reaction. This happens in pseudo first order reaction
(kinetically bimolecular reaction) e.g. hydrolyslis of
ester in acldic medium.

The specific rate of a reaction s
6.2 x 10-3 mol L-1s-!, What is the order of the
reaction?

The reaction Is of zero order.

Glve one example of a fractional order reaction.

H, + Br, —- 2HBr ; Rate = k [H,)(Br,)"2; Order w 1-%—.

Rate of reactlon is given by the equatian :
Rate = k [A]%[B]. What are the units for the rate and
rate constant for the reaction?
Unit of rate = Moll-'s™% Unit of rate constant
(k) =L2mol2s™",
What is the rate determining step in a multi-step
reaction?
The slowest step In the reaction Is the rate
determining step.
State one condition in which a bimolecular reaction
may be kinetically of the first order.
By taking one of the reactants In large excess so that
it may not contribute towards the order.
Give an example of pseudo first order reaction.
CH,CO0C,Hg + H,0 —— CH3CO0H + C,HgOH
(Excess)

Rate = k(CH,COOC,H,) (H,0)?
For a reaction R —-> P, half-life (t, ;) is observed
to be independent of the initial concentration of
reactants, What is the order of reaction? (C85£ 2017)
For the reactlon, R —- P, half-Ufe (t,) Is observed
to be independent of the Initial concentration of
reactants, thus it follows first order reaction.
What is an elementary reaction?
The reaction taking place in a single step Is an
elementary reaction. For example.

N,(g) + 0,(g) —~ 2NO(q)

L
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Q4.

Ans.

QIs.

Ans.

Q16.

Ans.
Q17

Ans.

Qls.

Ans.

Q19.
Ans.

Q 20.

Ans.

Q2L

Ans.

In some chemical reactions, it is found that a large
number of colliding molecules have energy more
than threshold energy value, yet the reactions are
quite slow. Explain.

The reactant molecules may not be properly
oriented at the time of collisions.

Express the relation between the half-life period
of a reaction and initial concentration for the
reaction of the nth order.

1
For nth order reaction, ty; «———

(Alg”

For a reaction, A + B —— Product, the rate law
is given by (r) = k [A]¥2[B]%. What is the order of
reaction?
Order of reaction=1/2+2=25
Forareaction A—— B, the rate of reaction becomes
twenty seven times when the concentration of A
is increased three times. What is the order of the
reaction?

For the reactlon. let r= k (A)"
Accarding to the data. 27 r= k (3A)"

27 _k(3A)
rk(AY

- Order of reactlon (n) = 3.

A reaction is 50% complete in 2 hours and 75%
complete in 4 hours. What Is the order of reaction?
Since the amount left after one-half period
(2 hre) Is one-half (50%) of the original amount
and the amount left after two-half periods (4 hrs) Is
one-fourth (25%). this suggests that the reaction |s
of first order.

What Is meant by elementary step in a reactlon?

A complex reactlon occurs through a sequence of
steps known a3 elementary steps. Each elementary
step has its own molecularity.

Derive an expression to calculate time required for
completion of zero order reaction, (NCERT EXEMPLAN)

220 or(3)=3"

For a zero arder reaction, (A) = [A)g - kt
When the reactlan Is completed, (A] = 0
taBh
k

Write the order and units of velocity constant for
the following reactlon:

H, +C, — 2HCI

Sunlph
For the reaction, H, + Cl, e==iu= 2HCL

The order af reactlon = 0.

(This Is because concentration of none of the
reactant changes with time.)

X
For a zero order reaction, k =T

On substltuting the units.
moU/L

Unit of k= =mol L 7!

Q 22. Will the rate constant of the reaction depend upon
T if the E_ (activation energy) of the reaction is
zero? (CBSE 2020)

Ans. No.when E,, = 0. k= Ae’9fT = A Thus. k becomes

independent of T.

Q23. If the concentration is expressed in mal L~! units
and time in seconds, what would be the units of k:
(i) for a zero order reaction, (ii) for a first order

reaction?

Ans. (i) For zero order reaction ; k has unit ; mol L's™,

(i) For first order reactlon : k has unit ;s\

Q 24. Whydoes the rate of a reaction not remaln constant
throughout the reaction?

Ans. The rate of reaction represents the change In molar
cancentration of reacting species taking part in the
reaction per unit time. Since the change in molar
concentration is not uniform. the rate of reaction
does not remain canstant.

Q 25. Consider the decomposition of hydrogen peroxide
in alkaline medium which is catalysed by iodide
ions.

2H,0, ﬂ:» 2H,0 + 0,

This reaction takes place in two steps as given

below:

Step-I: H,0, + I"—— H,0 + 107(slow)

Step-Il: H,0, + 10" —— H,0 + | + O, (fast)

(i) Write the rate law expression and determine
the order of reaction w.r.t. H,0,.

() What Is the molecularity of each individual
step?

Ans. () For a complex reaction, the rate of overall reaction
depends upon the rate of reaction slowest step.
Hence. Rate law expression: Rate = k [H,0,) (i)
Order of reaction w.rt. H,0, = 1

(Il) Molecularity of both Step-l and Step-ll Is two.

Q26. A first order reaction is found to have rate
constant k = 5.5 x 10-14s-1, Find the half-life of
the reaction.

Ans. For a first order reaction,

. ,0683 0693
27Tk (55x10Ms)

Q 27. Give an example of second order reaction.

Ans. CH3CDDC1H5 + NaQH —- CHjCOONa + ClHSDH

Q 28. What is activation energy? How is rate constant
related to activation energy?

Ans. Activation energy Is glven by the energy difference
between activated complex and the reactant
molecules or it Is the extra energy contained by the
reactant molecules that results into effective collislon
between them to form the products.

Rate canstant (k) for a reaction Is related to actlvation
energy as:

=126x10"s,

3
elnA-—L,
INk=lnA o

L
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Q 29.
Ans.

Q 30.

Ans.

On increasing temperature, activation energy for a
reaction decreases. Why?

Activation energy and temperature are inversely
proportional to each other.

What is the effect of adding a catalyst on:

(i) Activation energy (E,), and
(ii) Gibbs energy (AG) of a reaction? (CBSE2017)
(i) Activation energy (€,) of the reaction decreases

an adding catalyst.

() Addition of catalyst does not change the value of

Glbbs energy (AG) of a reaction.

*@ Short Answer Tupe-1 Questions \
QL What do you mean by rate of a reaction? For the

Ans.

Qe

Ans.

Q3.

Ans.

Q4.

reaction NO,(g) + CO(g) —- CO,(g) + NO(g), the

proposed mechanism is as follows:

() NO, + NO, — > NO + NO; (slow)

(i) NOy + CO —~ CO, + NO, (fast)

What is the velocity (rate) of reaction?

The rate of change in concentration of reactant with

time is called velocity (rate) of reaction.

For reaction: NO,(g) + CO(g) — NO(g).

The rate of the reaction is decided by slow reaction

step (1)) of the proposed mechanism. Thus.

Velocity (rate) of reaction w k [NO,) [NO,) = k(NO,)?

Explain how and why will the rate of reaction for a

given reaction be affected when:

(i) a catalyst is added

(i) the temperature at which the reaction was

taking place is decreased.

(i) When a catalyst is added. the rate of reaction will
increase. The catalyst decreases the activation
energy of the reaction therefare. the reaction
becomes faster.

(if) When the temperature at which the reaction was
taking place Is decreased. the rate of reactlon
will decrease. At lower temperatures. the kinetlc
energy of molecules decreases thereby, the
collisions decrease resulting In a lowering of rate
of reaction.

Write the order of following reactlons with reason:
Fe =
()N, + 3H1T 2NH;
(1) CH,COOC,H, + NaOH ==—=CH,COONa + C,H,OH

Fo
(1) N, + 3H, T 2NH,

The veloclty of this reactlon does not depend
upon the concentration of N, and H,. So It s a zere
order reaction.
() CH,CO0C,H, + NaOH s=== CH,COONa + C,Hq0H
Since concentration of one mole of each reactant
Is changing. so It Is a second order reaction.
For the reaction 2N,0(g) —— 4NO,(g) + 0,(9).
the rate of formation of NO,(g) is 2.8 x 103 M s~1,
Calculate the rate of disappearance of N,0,(g).
(CBSE 2018)

Ans.

@Eo not forget to put correct sign against products and
-" reactants while writing rate law for a reaction.

For the reaction,

2N,0.(g) — 4NO,(g) + 0,(g)
Overall rate of reaction can be given as under:

_1@295_]: +iM: +M
2 dt 4 dt dt
L’fﬂdﬁxmai\n g

_dNOg)

dt

Given.

Q5.

Ans.

Q6.

Ans.

_1dIN,O5) 1 dINO,)

= ot AT
dN
o _IN05) 15 28xi07d Mg
dt 4
e 14 x 1073 M g

What are pseudo unimolecular reactlons? Explain
with an example.

Pseudo Unimolecular Reactions: The reactlons for
which the values of arder and malecularity are not
same are called pseudo unimolecular reactions.
e.g- (1) Hydrolysis of sugar:

H"
CiHy0n + Hy0 —— CeHipOg + CgHhia0g
(i) Hydrolysls of ethyl acetate:

H)
CH3CO0CH5 (1) +Hy0(l) — CH3COOH(() + C,H-OH(()

Far both the above reactions, order Is one because

concentration of H,0 remains unchanged but

molecularity Is two. So these reactlons are pseudo

unlmolecular or pgeudo molecular reactions.

For these reactlons, rates can be glven as:

Rate = k (C;,H,,0,).

Rate = k (CH,C00C,H,] (H,0)°

(i) The converslon of molecule A to B followed
second order kinetics, If concentration of A
increased to three times, how will it affect the
rate of formation of B?

(ii) Define Pseudo first order reaction with an
example,

(i) The given reactionis A—-» B
Since, it follows second order kinetics so.
Rate, w k[A) (1)
where k v rate constant
(A) » concentration of A
If the concentration of (A) Is made to Increase 3
times. then rate will Increase by S times as:
Rate, = k(3A)? = 9k(A)? -(2)
From eqgs. (1) and (2). we have (Rate), = 9 x (Rate),
Hence. the rate of formation of 8 will Increase by
9 times.

L
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Q7.

Ans.

Qe.

Sol.

(i) Pseudo first order reaction is defined as the
reactlon which Is bimalecular but order Is one. Far
example: acldic hydrolysis of ester (ethyl acetate).

Analyse the given graph drawn between

concentration of reactant vs time

h

-
(=)

o
=

Concentration of reactants
o
o

o
)

(i) Predict the order of reaction.

(ii) Thearetically, can the concentration of the
reactant reduce to zero after infinite time?
Explain. (CBSE 2020)

() It can be seen that the concentration of the

reactant decreases exponentlally with time which
is a characteristic of the first order reaction’ and
the rate of the reactlon here Is proportianal to the
first power of the concentration of the reactants.

(i) The first order rate equation, A = A, e
where. A Is the concentration of the reactant at
time t and Ay is the initial concentration of the
reactant.

Putting the value A = 0, we get
Ay @= 0, therefore e/« 0

Hence. t = ve, since k cannot be zero. So, theoretically,

the concentration of the reactant will become zero

at infinite time.

In a reaction 2N,0(g) —— 4NO,(g) + O,(g), the
concentration of N,O, decreases from 0.5mol L-t
to 0.4 mol L-! in 10 minutes. Calculate the average
rate of this reaction and rate of production of NO,
during this period. (CBSE 2022 Tarm-2)

AINSO
Average rate of this reaction = _lM

2 At
.1 (04-08) .4
2 (10 minutes)
0.1

= Emot " min™' = 0.005 mol L~! min-!

Far the glven equatian,

%x Rate of disappearance af N,O,

:% x Rate of farmation of ND;_,
A[N-,O
= Rate of formation of NO, = 4 x[—%%&r—f‘—l]

=4 x 0.005 = 0.02 x mal L' min~",

Qo.

Sol

Qlo.

Ans.

QL

Sol.

Ql2.

Sol.

Q1a.

In a first order reaction, the concentration
of substance reduces to half of the initial
concentration in 40 seconds. Calculate velocity
constant for the reaction.

Concentration of the substance reduces to half of
its initial value in 40 seconds. so this is the half-life
period (t,,) of the substance.

For a first order reaction,

0.653 0.693

V l i t t k 3 =
elocity constant (k) = T
=173 x 10-2 5~

A first order reaction is completed 50% in
100 seconds. Find out the rate constant of the
reaction.
Time required for 50% (half) completion of a
reaction is called its half-life period (t,,).
So here ¢, =100 s.
For a first order reaction,
Rate constant. k= e =w5’1
tys 100

=693 x103 ¢!

A first-order reaction takes 69.3 min for 50%

completion. What is the time needed for 80% of

the reaction to get completed?

(Given: log 5 =0.6990, log 8 =0.9030, log 2 =0.3010)
(CBSE SQP 2022-23)

Glven: ty; = 693 min

We know that, Half-lUfe t,, = 0.693/k

or. k=0.693/t,,

k=0693/693 =1/100 = 0.01 min~!

2303, (Ry]

log —=-

(R]

For fAirst order reaction, k=

where. [Ry) = 100. [R] = 100 - 80 = 20

2303 100
=——log —

0.01 20

or, t=2303log 5
or, t=160.9 min (~log 5= 0.6990)
So. the time needed for BO% of the reaction to get
completed Is 160.8 min.
Time required to decompose S0,Cl, to half of its
initial amount is 60 minutes. If the decomposition
is a first order reactlon, calculate the rate constant
of the reaction. (NCERT INTEXT)
Time required to decompose half of a substance Is
called Its half-life (t,5). So here t,, = 60 minutes.
For a first order reactlon.
0693 0693

ty2 60 minutes

or, t

Rate constant, k «

w115 % 10~¢ minute-!
The half-life of a first order reaction is 60 minutes.
How long will it take to consume 90% of the
reactant?
[Given: log 2 == 0.3010, log 3 = 0.4771, log 10 = 1]
(CBSE2023)

L
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Ans.

Q4.

SolL

Q1s.

Ans.

For a first order reaction.
D.693 0693 .
s ———min
ty, 60
Let the first order reaction takes f, minutes to
consume 90% of the reactant then,

Initial amount of the reactant (a) = 100 and remalning
amount of the reactant (a-x)

Velocity constant. ke

=(100-90)=10
For a first order reaction,
Rate constant. k = 2303 I’Ogiﬂ ﬁ

0693 2303 100

o 60t oy
or = M minutes
' 0693
=199.39 min.

Hence, the time requlred will be 199.39 minutes.

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

(CBSE2019)
For first arder reaction.
R
o HBLog[—)D-
(R)
Given: (R) = 100 (suppose)
then (R] = 100 - 99
(for 99% completion of reactlon)
tw gy,
Putting the values. we get
. 2303 100
S T R B
or [.99% =%03"108 100
2303x2
or  lagmm T )

For 90% completion of reactlon,

2303 100
topoe == 85"

2303

or typag =
On comparing eqs. (1) and (2). we find
toom = 2 X tommy

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 ? (NCERT EXENCISE)
Let the reactlon be: A - Products

Reactlon rate (r) = k(A)? (for second arder reaction)
() When concentration Is doubled, the rate of
reaction may be expressed as:

Reactlon rate (1) = k(2A)2

O _k2A?
ro KAy

Hence, reactlon rate becomes four times.

w4 arf w 4r

Q16.

Sol.

Q17

Sol.

Qls.

Sol.

(if) When cancentration is reduced to half. the rate
of reaction may be expressed as:
Reactlon rate (r*) = K[1/2 A)¢

K(A / 2)
KAY?

Hence, reaction rate will be reduced to 1/4.

Velocity (rate) constant for a first order reaction is

7 x 10-% s-1, Calculate the time taken by the

reactant to reduce to 1/4 of its Initial concentration.

Given, k=7 x 10457,

Suppose Inltlal concentration of the reactant = a

- =1/4arr'«=1/4
=

a
Remalning amount of reactant (0-x)= Z

For a fAirst order reaction.

2303
Veloclty (rate) constant. t log|g (0-x)

On substituting the values. we have

2303 0
R 0
t lOE‘UGM
_2303 . ,_2303x2x03010
7x107% °° 7107

=0.198 x 10% =198 x 10% seconds

The rate constant for the first order reaction is
60 s-1, How much time will it take to reduce the
initial concentration of the reactant to its 1/16th

value? (NCERT EXERCISE)

For the first order reactlon,

2,3[]310g a
k (0=x)
Let the Initlal concentration be a.
Final concentration (o - x) = 0/16; k= 60 57!

2303 0

et

(60s™) a7

(]

2303 e 2E03 0001 oo
(60s™) (60s7")

The half-life for radioactive decay of 14C is
5730 years. An archaeological artifact contained
wood had only 80% of the 14C found in a living
tree. Estimate age of the sample. (NCERTEXERCISE)
0693 _0693 .

= \}i"
ty, 5730

Decay constant (k)=

Radloactive decays follow first order kinetlcs
2303, (Ay)
l‘_‘:_LO -.-.—n.-._
kP
. 0:693 !
5730

t

L
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(Ag) = 100%: (A) » B0%

2303x5730 100
xlog——
T 0693

2.303x5730x0.0969
0.693

= 1845 years.
Q19. The rate constant for the first order decomposition
of N, O, is given by the following equation:
2x10*k
=
Calculate E, for the reaction.

log k=23.6 -

[R =8.314 J K- mol™] (CBSE 2023)
4
Sol. Given. log k= 23.6 ~2°10 X
Accaording to Arrhenlus equatian,
E;
logk =logA - —2—
YT
Equating similar terms In the equations. we get
£, -2x10%
RT T
ar. E =18 % B

=2 % 10% K x 8314 JK™! mal™!
= 16.628 x 10° J mol~!
Hence, £, for the reaction will be 166.28 KJ mal-!
Q20. (i) Radioactive decay follows first-order kinetics.

The initial amount of two radioactive elements
X and Y is 1 gm each. What will be the ratio
of X and Y after two days if their half-lives are
12 hours and 16 hours respectively?

(ii) The hypothetical reaction P + Q — R is half
order w.r.t. ‘P’ and zero order w.r.t. 'Q’ What is
the unit of rate constant for this reaction?

(CBSE SQP 2023-24)
Sol. (I) For first order reaction, half-life of X=12 hours
Twao days = 48 hours which means 4 half Uves

Amount of X left = % of Initlal value

Now, half-life of Y « 16 hours
Two days = 48 hours which means 3 half Uves

Amount of X left = -;— of Initial value

Ratioof X: V= — =1

W]

' .

i
16 'B
(Il) Rate for the glven reaction = k (P)V?

So. the unlt of rate constant for this reaction Is
mol-V2 [-V2g-]

'l Short Answer Type-il Questions A]

Q1 What do you mean by average velocity and
instantaneous velocity of a chemlcal reaction?
Describe briefly the effect of temperature on
velacity of reaction.

Ans. Average Velocity: The change In concentration of

reactant or product present in a reaction per unit
time is called the average velocity of the reaction.
Average velocity
_change In concentration of reactant
N time taken for the change

_ +change in cancentration of product
time taken for the change

Instantaneous Velocity: The actual velocity of
a reactlon at a partlcular moment Is called Its
instantaneous veloclty. If change In concentration
of reactant or product of a reactlon Is represented
by AC and time taken Is represented by At

. . . aC
then instantaneous velocity of the reaction = :t—EI_

Effect of Temperature on Velocity of Reaction:
On Increasing the temperature of a reaction,
the number of activated molecules of reactants
increases. Consequently, the number of effective
collisions between them increases. The number
of effective collislon between reactant molecules
in unit time Is called veloclty of reactlon. Thus, on
increasing temperature of a reaction. its velocity
increases. The value of rate canstant also Increases
on Increasing temperature. 10°C rise In temperature
makes the value of rate constant double or triple.
This is also the reason for increasing the velocity of
reactlon on Increasing temperature.

Q 2. Define molecularity and order of reaction.

Ans. Molecularity of Reactlon: The number of reactant
molecules taking part in a chemical reaction is
called the molecularity of the reaction. If the
number of reactant molecules taking part in a
chemical reaction, is 1, 2. 3, etc.. then the reaction is
called unimolecular, bimolecular, trimolecular, etc.
respectively.

Example: When ammonium nitrite is heated. its ane
molecule takes part In the reactlon. s molecularity
of this reaction Is one.

NH,NO, —2 2H,0 + N, T

Molecularity of reaction Is always a whaole number
Le.itis notin fraction.

Order of Reaction: The number of the reactant
molecules taking part In a chemical reaction,
concentration of which changes during the course
of the reaction Is called order of the reaction.
Example:

CH,COOC,H; + NaOH -~ CH,COONa + C,H;0H
In this reactlon, concentration of one molecule of
each reactant changes during the course af the
reactlon. 5o It Is a second order reaction.

Q 3. Answer the following questions:
(i) ldentify the order of reaction from the following
unit for its rate constant:
[mol~! 5]

L
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(if) The conversion of molecules from A to B follow
second order kinetics. If concentration of A is
increased to three times, how will it affect the
rate of formation of B?

(iii) Write the expression of integrated rate equation
for zero order reaction.

Ans. (i) The order of the reactlon lg 2.

(ii) The given reaction is A—- B

Thus, Rate (r) = K(A)? ()

(It follows secand order kinetics)
If concentration of A Is Increased three times,
New rate (') = k(3A)? = 9 k(A)? = 9r (from eq. (1))
Hence. rate of formation of B will increase by
9 tmes.

(iii) Integrated rate equation for =zero order
reaction: kt » [R], — [R). where k « rate constant.
(R)9 = initial concentration of reactant and (R) is
the cancentration of reactant at time t

Q4. The decomposition of NH; on platinum surface
is a zero order reaction. What are the rates of
production of N, and H,, if k = 2.5 x 10-* mol-* Ls-1?

(NCERT EXERCISE)
Sol. Decomposition of NH; on platinum surface can be
represented as
Pt
2NHy(g) =-—N5(g) + 3H,(g)
Here rate of decomposition of NH; and rates of
formation of N, and H, are related In the following
manner:

1 d[NHa) _ d[Nz} _ 1 d{H;!]

2 dt dt 3 dt

Since, the reactlon Is of zero order.

1ONHg) IN) 1 M),

Rate of the reaction =-

T2 dt dt 3 dt
=25 x 10~ mol L~ g1
dMN,)

=k

. Rate of farmatlon of N2 =

=25 %10~ mol L ¢!

and rate of formation of
d(H,)
i o
2 dt

=3 % 2.5%x10™ mol L g7
=78 %10 mol L-1g!
Q5. How the rate of the reaction will be affected when:
(i) surface area of the reactant is increased?
(ii) temperature of the reaction Is decreased?
(iii) catalyst is added in a reversible reaction?
(CBSE 2020)
Ans. () The rate of the reactlon Increases when surface
area of the reactant Is Increased.
() The rate of the reactlon decreases when
temperature of the reaction Is decreased.
(Ill) The rate of the reactlon Increases when catalyst
Is added In a reversible reactlon.

Q 6. Areactian Is first order in A and second order in B:
(i) Write differential rate equation.
(ii) How is rate affected when the concentration
of B is tripled?
(iii) How is rate affected when the concentration
of both A and B are doubled?
(NCERT EXERCISE; CBSE 2022 Term 2)
Ans. (I) Differential rate equation for the reaction Is:
rate (r) = k (A)' (B)2.
(II) Differential rate equation for the reactlon Is:
rate () = k [A)' (36)2

r _k(A) (38)
T K(A) (8P
The reaction rate will Increase 9 times.
(1) Differentlal rate equation for the reaction [s:

=9arr=9r

AN 1 7 T . vl i bl
Rate (r”) = k (24)' (2B)%; A (8P 8

or e 8r
The reaction rate will increase B times.
Q7. Observe the graph shown in figure and answer the
following questlons.

log ([Rlg/[R]) —

Timg ——t-
(i) What is the order of the reaction?
(ii) What is the slope of the curve?
(iii) Write the relationship between k and t,,
(half-life period).
Ans. () The reactlon Is of first order.
(ii) For first order reaction,

2303, (R)
k—Tlogﬁ
lo @1=—kr
or BTR) " 2303
K

Thus. slope = 5303

(ill) For Arst arder reaction,
0.693
tyz = "k
Q8. The reaction between A and B is first order with
respect to A and zero order with respect to B. For

this reaction, fill in the blanks in the following table.

Experiment | (A) mol/L | (B) mol/L L':?I?Il.?:-ntls
I 01 0l 2.0 x 10"
I - 0.2 4,0 x10-2
1] 0.4 04 -
I\ - 0.2 20x 102
(CBSE 2019)
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Sol.

Do not forget to check units as they must be in same
system of units.

TiP.

Q9.

Sol.

Q 10.

Sol.

According to the glven data.

Rate law expression can be given as below:
Rate = k [A] (B)°

or Rate « k[A)

Now, from experiment |,

2.0 x 1072 mol L' min~' « k{0.) mol L
2.0x1072 mol L' min™
01mol L!
=0.2 min™
Again. from experiment Il
4.0 x 1072 = 0.2(A) (s
(A)=0.2mol L™
From experiment lll.
Rate=02 x 0.4
=B.0 x 1072 mol L' min™!
From experiment IV,
20x102=02(A) (= r=kA)
(A) = 01 mol L™
The initial concentration of N,0, at 318 K was
0.60 « 10-2 mol L-! in the first order reaction

N,0,(g) —— 2NO,(g) + %oz, which became

e

r=k(A))

0.20 x 102 mol L after 60 minutes. Calculate the
rate constant at 318 K. (log 3 =0.4771)
Glven, Inltlal concentration.
a=0.60 %102 mol L™
Remalning concentration (g = x) = 0.20 x 102 mol L™
Time taken, t = 60 minutes.
For a first order reaction,

2.303 a
k= (
Rate constant, , 0810 0=x)

On substituting the values, we have

- (0.60x107% mol L")
60 minutes - '°(0.20x1072 mol L)

. 2.303
60 minutes

g 3e 2..303;00A771mmu s

=183 x 1072 minute™
A first order reaction is 20% completed in
10 mlinutes. How much time it takes for 75%
completion? (log,, 2 =0.3010)
For a first order reaction.
2.303|0 o]
Biolgux)

veloclty constant. k@

where o = inltlal concentration of reactant = 100

(0 - x) » amount (concentration) of reactant after
time ¢.

QLL

Sol

Qle.

Sol.

'+ The reaction takes 10 minutes for 20% completion.
- After 10 minutes. (o - x) = (100 -20) = BO
2303 100 2303

=t
0 Bogy T o

=(0.022 minutes

Suppose the reaction takes t, minutes for 75%
completion,

ie.twt and (0-x) «100-75 = 25

2303[08 TDD 23[}3
05 25

x0.097

k=

xlog)g4
1

2303

or 0.022=
4

x2x03010

2303x0.6020
17T 002
= 63.02 minutes
A first order reaction takes 30 minutes for 75%
decomposition. Calculate t .
Given:
[log 2=0.3,log 3 =0.48,log 4= 0.6,log 5 =0.7]

Let initial concentration be (A,
Then, concentration after 30 minutes

A
[Al= 100 [A}D_[ L

Far Arst order reactlon.

_2303 _  (A)
=T %)

2,303 log [A]g

30 Aﬂ]/ 4
w 0.077 x 0.6
=0.046 x m-!
Far first order reactlon.

ty; = -0—%{9—3 = %-g—ig- 15.07 minutes

K=

=0.077log 4

In a first order reaction, a substance remains half
of its initial amount In 100 minutes, then predIct,
in how much time, It will remaln one-fourth of its
initial amount?

Far a first order reactlon.

2303, 0
Veloclty canstant, K= T 0B )

when ¢ =100 minutes. (0 - x) = a/2.

B 2.303l0 o
100 8073
2303 2303

= e | O 0 2 = 0.3010

00 B0“="5g

w 6.93 % 1072 minute™!

Suppose, the substance remalns one fourth of Its
initial amount (o) in t, minutes. then (a - x) « a/4.

L
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303 a 2303

2
: -3 :-—lo — 1]
. 693 <10 L..j ng ol4

4

logm
1

2303x2x03010
t]

or693x103 =

m 2.303x2x0.3010
6.93x1072
Q 13. Rate constant for the first order reaction has been

found to be k = 2.54 x 10-3 s-1. Calculate its %th
life. (log2 - 0.3010).
Sol. For a first order reaction.

. 02303, 0
Rate constant. K== ‘UBID(O_X)

or ) = 200 minutes

where. ke 254 %1073 57! (glven)
o = [nitlal concentration of the reactant.
(0 — x) = concentration after completion of 3/4th

part of the reaction.
-
4 4 4

On substituting the values In above equation of
rate constant. we have

2303 a e o
DTiﬂgmm: 254 %10 3

2303
" 2 54x1035
_ 2.303x2xlogy,2
© 254%1073g")
_2303x2x03010,
2,54 x 1073
1386
2.54x1077

Q14. A first order reaction takes 20 minutes for 25%
decomposition. Calculate the time when 75% of
the reaction will be completed. (CBSE2017)
(Given: log 2 = 0.3010, log 3 =0.4771,

log4 = 0.6021)

k

log.n4

Eio

sab4b67 s

2303 a

Sol. For a first order reaction, k = ===—=log——
t a-x

where, k « rate constant. o « initial concentration
(0 - x) = concentration after time 't’
It Is given that the first order reactlon Is 25%
completed In 20 min.
0=100,a~- x=100 = 25 =75, t = 20 min.

2303, 100
=] —log—
20 75

2.303
= P
5 (log 4 - log 3)

_2303
20

© 0.0143 min-!

k

(2 x 03010 - 0.4771)

For 75% completion of reaction.
0=100. 0- x=100 - 75 = 25. k = 0.0143 min~!
2303[0 a

k go—x

_2303 100

“003 35

_ 2303
0.0143

ERRQODR }

B

0g 4 - 96,968 min

Students often make mistakes in daing calculations or
forget to write units.

Q15. Prove that half-life of a first order reaction does
not depend upon the initial concentration of the
reactant.

Sol. For a first arder reactlon,

2303 a

k= logma_x

When half of the reactant Is used,
changed concentration (x) = 0.50 and t = t,
(half-Ufe)

D 2303[0 a
iz B0 050

& 2.303mgmi
tyz 0.5a

_2303
V2

k

log 2

_2.303x0.3010
- k
[ log,z2 =0.3010)

0.693
-~ b2 o

There ls no concentration term In the above equation,
so time required for the half-completion of a first
order reaction (Le. half-life) does not depend upon
the concentration of the reactant. Proved

Q16. Following data are obtained for the reaction:

t/s 0 300 600

(N,0g)/mol L' | 1.6 <102 | 0.8 x 102 | 0.4 x 1072

(i) Show that It follows first order reaction.
(i) Calculate the half-life.
(Glven: log 2 = 0.3010, log 4 = 0.6021) (c85£2017)
Sol. () Given data,
t/s 0 300 600

(N,04)/mol L[ 1.6 x 1072 | D.B x 1072 | D4 x 102

L
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Q.

SolL

Using hit and trial method,
R
For first order reaction. K —gl [R)}

From the above data. £=300s. [R];=16x 10" mol L™
and (R) = 0.8 x 102,
Putting the values in the expression, we get

2303 (1.6x107%) mol L

s
300 (oexm- 2) mol L
2303, 2303

= L = }
300 0g2 300 x03010

kw231 %1073 5"

Thus. it Is proved that reaction proceed through first
order kinetics as the rate constant remalns same.

0,693
(1) Half-Ufe (t,,) = 0-693
; 0.693 00
@ —— =300 5
Y2 5311073 5!

Prove that the time required is 10 times of the
half-life period far the completion of 99.9% of a
first order reaction.
Suppose far the glven first order reaction, half-life
period Is t, then:
0.693

k

=

bz

(where. k = velocity or rate constant)
- . 0693 )
G2

Suppose the reaction takes time t for 99.9%
completion, then:

Initially A — B
100 0
After time t (100 - 99.9) 99.9
@ 0]

For a first order reaction,
Velocity constant.
:Z.Z{[lZimg o

¢ 10(0-x)

where. 0= 100 and (0~ x) = 0.
(2303 1002303
t B 01

o 2 303

ka

xlog,; 1000

3xatogm10

2303x3
B——

From egs. (1) and (2).
0693 2303x3 fte 23Cl3><3r
tyy ¢t 0693 "2

=10ty

Thus, the time requlred for the completion of 99.99
of a first order reaction Is 10 times of Its half-life
period (t,,). Proved.

Q18.

Prove that time required for the completion of
three-fourth of a first order reaction is twice the
time required for the completion of half reaction.

SolL For a first order reaction.

Q19.

2303 a
: T
Velacity constant. t Og{a—x) (1)

When half of the reaction Is completed.
a
t=t,, and x=—
vz 2

On substituting the values in eq. (1), we have
2.303 a 2.303 a

ke lo = lo
tyz & U—E tys g0/2
2z
ke 239300 g
ty2

When %th part of the reactlon Is completed.

3
=t and x=ax—
A K&

2303 a 2.303 a
k= log = log—
Ga [g239) Gu 2
4 4
. 2.303 logé = 2.303 «2log?2
G4 T
2303
ar raﬂi =—X2[0g2 (3)

On substituting the value of k fram eq. (2) in eq. (3).
we have

; 2x2.303xlog2xt, ok

= - b4
/4 2.303xlog 2 2
by = 2 X )

Thus. the time required for the completion of three-
fourth of a frst order reaction Is twice the time
required for the completlon of half reaction.

Write short note on the following:
(I) specific velocity constant
(il) activation energy

Ans. (i) Specitic Velocity Constant: Suppose in a chemnical

reaction, the molar concentration of the reactant
at any moment is C. then at that morment. veloclty
of the reaction (dx/dt) is directly proportional to
the concentration of the reactant. [e.
dx dx
—oc [ OF =—wmi(
dt dt

where k |s a canstant called velocity constant

dx
If C=1moUL, then 5 = k.

Thus, at constant temperature and unit
concentration of the reactant. the veloclty
of a reactlon Is called the specific velocity
constant af the reaction. lts value Is different for
different reactions and its units depend upon the

L
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Q 20.

Ans.

nature of the reaction. Its value raises with rise
in temperature.

(ii) Activation Energy: The extra amount of energy
obtalned from the collision of reactant mole-
cules, which Is enough to carry out a reaction and
farm products is called activation energy. Thus,
the minimum energy other than the average
potential energy of the reactions. which is
obtained by the collislons of reactant molecules
and converts reactant molecules into products Is
called activation energy.

Activation energy « Threshold energy — Average
patentlal energy of reactant molecules.
Arrhenlus proposed an equation to explaln the
effect of temperature. on veloclty of reactlon,
called the Arrhenlus equation.

According to this equation k = A&7 (1)
vhere, A = pre-exponential coefficlent or
frequency factor

E, = activation energy
k « velocity constant of the reaction

R « gas tonstant
and T = absolute temperature
Glve Arrhenius equation. How would you calculate
the activation energy of a reaction by graphical
method?
Arrhenius Equation:

fpuae EalAT ()
[ -
slope =
PEETR
o
[+]
o
]
1 T—%
Plotof log k va 1/T
where. k = velocity constant of a reaction.

£, = activation energy of a reaction, R = gas constant.
T = absolute temperature. and A = pre-exponential
constant or frequency factor.
On taking logarithm eq. (1), we have

log, k= log, A -E_JRT i)
On the basls of eq. (2). following graph s obtalned.
when log, k Is plotted with 1/T.
From the slope of this plot, value of E, can be
calculated. Unit of €, depends upon the units of R.
This Is because slope Is - E,/R By substituting the
value of R, we get the value of £,
Above eq. (2) can also be written as

E
2.303log, k= 2.303log,q A—E—-"};-

E

or log,g k = log,g A-ﬁ%ﬁ -(3)

QaL

Sol.

Q22

Sol.

On the basis of this equatian, when log,, k is plotted
with 1/T. slope of the plat is equal to —E_/2.303.
From it value of £ is calculated.

o

2 303R

slope =

log, k ——>

UT—>
Plot of log,g k va 1/T
The following data were obtained during the

first order thermal decomposition of C,H.Cl at a
constant volume: C,H.Cl (g) — C,H,(g) + HCL (g)

Experiment | Time (s™) | Total pressure (atm)
1 0 0.4
2 100 0.6

Calculate the rate constant.

(Given: log 2 - 0.3010, log 3 = 0.4771,
log 4=0.6021)

The given reactlon Is:
CZHSCL(Q] —_ E,

(CBSE2023)

H, (s)) + HCl(g)

Att=0 P, 0 0
At t =100 PP P P
After time t. total pressure w (Py—P) + P+ P
or, P‘, o ’DD +P

o, Py—P=2P-P,
For a first order reactlon, we have

g\
. 2303 log 0
t PU-P

2303, P,
= 0g
t 27, -P.

At t=100.P,=0.6.P;=04

(L2303 0.4
100 8\3%04-06

w 2.303 % 0.3010 x 10~2 sec-!

©6.932 x 10-3 sec”!
Hence. the rate constant Is 6.932 x 10-3 sec-".
The rate constant for the decomposition of
hydrocarbons is 2.418 x 10-5 s~ at 546 K. If the
energy of activation is 179.9 kl/mol, what will be
the value of pre-exponential factor?

(NCERT EXERCISE)

Glven, k= 2418 x10-% g1, E,=179.9 kJ mol, T= B46 K

According to Arrhenlus equatlon, k= AeEo/AT

E
: i 713
or Inkaoln A AT

E
or logk=logA "ﬁ%ﬁ

L
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Qas3.

Sol.

Q24,

Sol.

or logAewlogk+ = log (2418 x 10°5)

ZDEIT

179.9
2303xB314x1073 x546 K

@ (-5 + 0.3834) + 172081 « 12.5915 5~
or A = Antllog (12.5915) 57! =39 x 102 5~
In general, it is observed that the rate of a
chemical reaction doubles with every 10° rise
in temperature. If the generalisation holds for a
reaction in the temperature range 295 K to 305 K,
what would be the value of activation energy for
the reaction? (NCERT INTEXT)

+

According to Arrhenlus equation,

E, [1 1
L _Z. A
8% ~2303 R{T T}

ky/kyw 2 T,= 295 K; T, =305 K: R 8.314 J K- mol-!

A [1_1]

2303x(8.314 JK~' mol™")[ 295K 305K

£
or 03010 = g (10)

X
2303x(8.314 Jmol™) 295x305

. log2=

0.3010x2.303x8.314x295x 305
;= 0 (Jmol™)
=51855 ) mol'= 51855 kJ mol™!

A first order reactlon Is 50% complete in 80 minutes

at 300 K and in 10 minutes at 320 K. Calculate

activation energy (E,) for the reaction.

(R = 8.314 JK-1 mol-)

(Given:log2 = 0.3010,log 3 = 0.4771, log4 = 0.6021)
(CBSE 2023)

Glven, t,, = 80 min at 300 K
. For first arder.,

i 0693 0693
'"Tt,y), 80min
D693
80

Similarly, at T, = 320K

0693 0693 _
— —I'I'Nn
(ty); 10

For calculatlan of activation energy. we know

LOB ;_{2; :—Eﬂ— IZ.:IJ-
k) 2303R| T,T,

Putting the values In above equation. we get

kz =

loa(oﬁaax 80 J” £,

L 10 0693) 2303x8.314 JK " mol”
320-300
300x320

Q2s.

SolL

Q 26.

Sol

or. g8 _ & [ 20 )
19.147 JK ™ mol ! { 96000K
19.147 x 96000
20x3log2
19.147 %1600
~ 03010

=101778.073 ) mol™

or. E. _

Hence. activation energy (€,) for the reaction is
101.778 kJ mol-.

The rate of a reaction doubles when temperature
changes fram 27°C to 37°C. Calculate energy of
activation for the reaction. (CBSE 2023)
We know that

E s zanamog[ ][ nh J
k|-,

TT w 27“ C m 273 + 27 o BDD K
T, 37° Cw 273 + 37 = 310K
R = B8.314 JK-' mol~!
- €,=2303 x 8.314 JK- mol-' x log [Z] 300+310
1) 0
@ 2303 x 8314 x 03010 x 9300 J mol-!
- 53, 598.595 Jmol”

Hence. energy of activation for the reaction is
53.599 kJ mol’,

The rate constants of a reaction at 200K and 500K
are 0.02 s-! and 0.20 s~! respectively. Calculate
the value of E,. (Given 2.303R = 19.15 JK-1 mol-1).

(CBSE SQP 2023-24)

We know that

log EZ. = EU l_l
k) 2303R|T, T,

where, k= 0205 k=002s"
T = 200K, T, = 500K and 2.303R = 1915 JK~' mol”
(020)_ €& [ 1 1]
- log tu 02 23039| 200 SDDJ
log 10 = ;1 300
19.15{ 200x 500

or. AL L AL TR e
300 —

Hence. the value of E_ is 6383 kJ mol~\

Lnng Answer Type Questions Y]

QlL

Ans.

What is the difference between molecularity and

order of a reactlon? Explain by glving an example.

Difference between molecularity and order of a

reactlon:

(I) Molecularity of a reactlon Is always a whole
number while order of a reaction can be In
fractions.

L
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Q2.

Ans.

(ii) Molecularity of a reaction can never be zero
whereas arder of reaction can be zero.

(iil) Molecularity and order of a reaction can be same
or different.

(iv) Molecularity shows the number of molecules
taking part in a step of a reactlon whereas
order of reaction shows a relationship between
the velocity of reaction and concentration of
reactants.

(v) The number of molecules taking part in the
velocity (rate) determining step of a reaction.
Is called the molecularity of the reactlon. Qrder
of a reaction shows the number of molecules.
concentration of which determines the velocity
of the reactlon.

(vl) Molecularity of a reaction Is obtalned from
its mechanlsm whereas order of reaction is
obtalned from experiments.

Example: Following examples clearly show

difference between molecularity and order of the

reactions.

(i) CH,COOC,Hg + NaOH — CH,COONa + C,H;0H

H*
(i) CHyCOOC,Hg + Hy0 — CHyCOOH + C,HgDH

Reactions (i) and (ii) both are bimolecular. Reaction
(i) is of second arder because velocity of the reaction
depends upon the concentrations of CH;COOC,H,
and NaOH both. However reaction (ii) is of first arder.
This is because velocity of this reaction depends
only upon the concentration of CH,COOC,Hg.

What do you mean by order of a reaction? Find
the expression of velocity constant of a first order
reaction.
Order of a reactlon: The number of the reactant
molecules taking part in a chemical reaction.
concentration of which changes during the course
of the reaction is called order of the reaction.
Expression of Velocity Constant of First Order
Reactlon: Suppose afirst order reaction is as follows:
A —- Product
Initial concentration amol/L 0 mol/L
Concentration after time t (a- x) mol/L x mol/L
For a first order reaction,

Velaclty of the reaction, %m (A

Velocity of the reactlon after time t.% = kla-x)

or - = le dt (1)
Here. ks a constant. called the velocity canstant of
first order reaction.

dx

=y o [k dt

On Integrating bath sides, |
or = log, (a=x) & kt+1 5l 2)
where [ = integration constant.
When tw 0, x« 0 then « log,ae= |
On gubstituting the value of /1n eq. (2). we have
- log, (0~ x) w kt - log, 0
kt=log, a - log, (a - x)

L

a 1 a
ktelog, —— or ke-lo
g"o-x t g“-’a—x
2303 a
k il lOEIU_D_X (3

Eg. (3) Is called kinetic equation of first order
reaction.

With the help of this equation. value of k can be
calculated. Value of k remalns constant at constant

temperature.
Q3. The following data were obtained for the reaction:

2NO +0,—> 2NO,

Initial rate of
Experiment|[NO)/M|(0,)/M formation
of NO, / M min™!

] 03 02 7.2 x 1072

2 01 01 6.0x%x103

3 0.3 04 288 x 10"

4 04 01 2.40 % 102
(i) Find the order of reaction with respect to NO

and 0,.

(ii) Write the rate law and overall order of reaction.
(iii) Calculate the rate constant (k).

Sol. (i) For the given reaction: 2NO + 0, —— 2NO,
The rate law can be expressed as:
Rate law = k (NOJ* (0,)¥
Now. with the given data. we can determine the
values of x and y as:

72 x 102w k (03)* (0.2)¥ )
6.0 x 103« k (01)* (0.7)Y .(2)
288 x 107" = k (0.3)% (0.4)Y e
240 x 102 = k [0.4) (01)Y ..(4)

Dividing eq. (4) by eq. (2). we get

240x107 _ K04) (0.1)
60x107° K01 (0.1

40w (4)¢ or xw]
Next. dividing eq. (3) by eq. (1), we get

288x107" _ K03)* (0.4)
72x107% KO3y (0.2)

4=(2) or (22=(2Morye2
So, arder w.r.t. NO Is 1 and order virt. O, Is 2.
(Il) Rate law = k (NO)! (0, )
Overall order of reaction is 3.

-2
(ill) Rate constant, k= R““E 5 = 7.2:<10 d
(N0)' (0,)°  (03)'(02)

_7.2x1072

=6 mol~? L2 min-!

" 12x1072
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Q4. (i) A first order reaction is 75% completed in
40 minutes. Calculate its ¢, ;.

(if) Predict the order of the reaction in the given

plots:
(@) hl;
[Rly—>
(b) tizz
[Rlp—
where [R], Is the Initial concentration of
reactant.
[Given : log 2 = 0.3010, log 4 = 0.6021]

(CBSE2017)

2303 a

SoL (i) For a first arder reaction, k = logU e

where. k = rate constant. a = Initlal concentration

(o~ x) = concentration after time 't’
It is given that the first order reaction is 75%
campleted in 40 min.
0=100.0~-x=100-75 = 25. t = 40 min

2_303l0 100

a0 B35

2303
40

20l gy
40

k

log4

k=0.0347 min™!

Now. half-life (t,;) _ 0693

¢ 0693
V2 " 00347

=19.98 =20 min.
(ii) (a) First order reaction
(b) Zero order reactlon.

g:% Chapter Test

Multiple Choice Questions
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Q1. The activation energy for a reaction at a given
temperature is found to be 2.303 RT J mol-1. The
ratio of rate constant to the Arrhenius factor is:

a. 0.0 b. 0. c. 0.02 d. 0.001

Q2. Which of the following expression is correct for

rate of reaction given below?

5Br(aq) + BrO~(aq) + 6H' (aq) — 3Br, (aq) + 3H,0(()

a. A(BF“}_E,A[H*] b, ABrT) 6AH")
At At At 5 At

c. ABr)_5aH") d &[Br']zsa[H*]
At 6 At At At

Q3. The decomposition of a substance follows first
order kinetics. If its concentration is reduced to 1/8
of its initial value in 12 minutes, the rate constant
of the decompaosition system is:

a. (&?glogé]min" b. (%toge]mln‘]

0.693 =1 ] =
Gy [[=ees o ] m
( 5 ]mln (uloga] In

Q4. Consider the reaction, A =—— B. The
concentration of both the reactants and the
products varies exponentially with time. Which
of the following figures correctly describes the

change in concentration of reactants and products
with time?

(0]

(A]

Concentration —

Timp —

Concentration —

Time s

(B)

™
ation —

Concenty:

A

Timp —

(Al

Concentraion —

Timp —=

L
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Directions (Q. Nos. 5-6): Each of the following questions

consists of two statements, one (s Assertion (A) and the other is
Reason (R). Give answer:

Q5.

Q6.

a. Both Assertion (A) and Reason (R) are true and
Reason (R) is the correct explanation of Assertion

(A).

b. Bo)th Assertion (A) and Reason (R) are true but
Reason (R) Is not the correct explanation of
Assertion (A).

c Assertion (A) Is true but Reasan (R) Is false.

d. Assertlon (A) Is false but Reason (R) Is true.

Assertion (A): Far the reaction

CHCl; + Cl, —— CCL, + HAL
Rate = k[CHCL,](CL,)¥?

Reason (R): Rate of reaction is always equal to

the sum of the stoichlometric coefficient of the

reaction species in a balanced chemical equation.

Assertlon (A): 50% of zero aorder reaction is

completed in 100 sec, therefare, 75% reaction will

be complete in 150 sec.

Reason (R): The rate constant of a zero order

reaction depends upon time.

Case Study Based Question

Q7

The rate of reaction is concerned with decrease
in concentration of reactants or increase in
the concentration of products per unit time.
It can be expressed as instantaneous rate at a
particular instant of time and average rate over
a large interval of time. A number of factors
such as temperature, concentration of reactants,
catalyst affect the rate of reaction. Mathematical
representation of rate of a reaction is given by
rate law:
Rate w k[A)[B)

x and y indicate how sensitive the rate is to the
change in concentration of A and B. Sum of x + y
gives the overall order of a reaction.

When a sequence of elementary reactions gives
us the products, the reactions are called complex
reactions. Molecularity and order of an elementuary
reaction are same. Zero order reactions are
relatively uncommon but they occur under special
conditions. All natural and artificial radioactive
decay of unstable nuclei take place by first order
kinetics.

Read the given passage carefully and give the
answer of the following questions:

(i) What is the effect of temperature on the rate
constant of a reaction?

(ii) How order and molecularity are differant for
complex reactions?

(iii) A first order reaction has a rate constant
2 x 10-3 s-1. How long will 6g of this reactant
take to reduce to 2qg?

OR

The half-life for radioactive decay of 14C is
6930 years. An archaeological artifact
containing wood had only 75% of the 14C
found in a living tree. Find the age of the
sample.

[log 4 = 0.6021 log 3 = 0.4771 log 2 = 0.3010
log 10 = 1]

Very Short Answer Type Questions

Q8. For a chemical reaction R—— P, the variation in

the concentration (R) vs time (t) plot Is given as:

l—>
(i) Predict the order of the reaction.
(ii)) What is the slope Wof the curve?

Q9. In some cases, it is found that a large number

of colliding molecules have energy more than
threshold energy yet the reactlon is slow, why?

Short Answer Type-I Questions

Q10. With the help of a diagram, explain the role of

activated complex in a reaction.

QL. For areaction: H, +Cl, LN, VT |

(i) Write the arder and molecularity of this reaction
(ii) Write the unit of k.

Q12. The rate of most reactions become double when

their temperature is raised from 298K to 308K.
Calculate their activation energy.

(Glven, R = B.314 ] mol-1K-1)

Short Answer Type-II Questions

Q13. The rate constant for the first order decomposition

Ql4,

of H,0, is given by the following equation:
ok w A3 010"
7
Calculate E, for this reaction and rate constant k if
its half-life period be 200 minutes.
(Given R = 8.314 JK-1 mol-1)
A first order gas phase reaction:
A,B,(g) —— 2A(g) + 2B(g)
at the temperature 400°C has the rate constant
k v 2.0 x 10 s-1. What percentage of A,B, is
decomposed an heating for 900 seconds?
[Antilog 0.0781 = 1.197]
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Q15. For the reaction,
2NO(g) + Cl,(g) —— 2NOCl(g)

The following data were collected. All the
measurements were taken at 263K.

Initlal | Inktial Inttlal rate of
Exp. No.| [NO] (c disappearance of Cl,
(M) (M (M/min)
1 015 015 0.60
2 015 030 1.20
3 030 0.15 240
4 025 825 7

(i) Write the expression for rate law.
(ii) Calculate the value of rate constant and specify
its unit.

(iii) What Is the initial rate of disappearance of Cl,
in experiment 47

Long Answer Type Questions

Q16. (i) Rate constant '/’ of a reaction varies with
temperature 'T ' according to the equation

loghk =logA-

ol 7)
2.303R\T
where E_ is the activation energy. When a graph

is plotted for log k vs % , @ straight line with a

slope of —4250K is obtained. Calculate ‘E,’ for
the reaction. (Given R = 8.314 JK-1 mol-1)

(if) Draw the plot of In k vs 1/T for a chemical
reaction. What does the intercept represent?
What is the relation between slope and E?

Q17. (i) Explain the following terms:

(a) Order of reaction

(b) Rate determining step of a reaction

(c) Molecularity of a reaction

(ii) A reactant has a half-life of 10 min,

(a) Calculate the rate constant for the first
order reaction.

(b) What fraction of the reactant will be left
after an hour of the reaction has occurred?
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