Chemical Kinetics

Case Study Based Questions

Case Study 1

The instantaneous rate can be measured by determination of slope of the tangent at
point 't"in concentration vs time plot. This makes it difficult to determine the rate law
and hence the order of the reaction. In order to avoid this difficulty, we can integrate the
differential rate equation to give a relation between directly measured experimental
data, 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,

RP — Rate = d[R]/dt = k[R]0

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 = ﬂ"[;“ = k[R] and the integrating
€

rate equation is k = (1/t) 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:

Q1. For a hypothetical reaction,

R— products; rate = -k[R]. The negative sign used in the rate expression indicates:
a. decrease in the concentration of reactants with time

b. decrease in the rate with time

C. reaction is reversible

d. None of the above

Q 2. For a reaction, P+Q— R+S The curve which depicts the variation of the
concentration of products is:



Conc. —

a.P

b.Q

c.R

d.S

Q3. For the reaction,

Hg() + Cl2(g) — HgClx(s)

The rate of reaction is given as:
AlHgCL,) o _ AlHg)

At Al

i
¢ Ac)
At

d.

d. All of these

Q4. Contact process is used in the formation of sulphur trioxide, W
250,(g) + 02(g) = 2503(g)
The rate of reaction can be expressed as

—A0,]
At

2.5x10 *molL 1571

Then rate of disappearance of [SO,] will be:
a.50.0 x 10° mol L-1 s-1

b.3.75x 10“* mol L-1s-1

€. 2.5x10* mol L-1s-1

d.4.12 x 10“* mol L-1 s-1



Answers

decrease in the concentration of reactants with time
P

All of these

50.0 x 10-5 mol L-1 s-1
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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 reaction, the rate law is
given by r =k[A] [B], 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]3/2

Q2. What is the effect of temperature on rate of reaction?

Q3. Afirst 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 reaction has a rate constant 1x10-3 per sec. How long will 5g of this reactant
take to reduce to 3 g? (log 3=0.4771; log 5 = 0.6990)



Answers

Overall order of reaction = -] +

1, 2

-2

M RTT
r| B

2. The rate of reaction increases on increasing the temperature.

3. For first order reaction,

0.693

t R

50% = ¢

= 7778—06k93

0.693
k= =
= 78 =0.009

2303, o
kK 8g_x)

2.303 100
= log
0.009 ~(100-30)

=255.89 (log 10 - log 7)
= 255,89 (1-0.8450)
= 39.66 minutes

and tages =

OR
Given (A), = 5g. (A] =
and k =1x10-3 per sec
Using,
¢=2303, (A
Kk o(a)
- 2303 o 85
C1x102 73
=2.303 x 107 (log 5 - log 3]
= 2.303 (0.6990 - 0.4771)
= K11 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.
(CBSE 2023) Read the given passage carefully and give the answer of the following
questions:

Q1. What is average rate of reaction?
Q2. Write two factors that affect the rate of reaction.

Q3. (i) What happens to rate of reaction for zero order reaction?
(i) What is the unit of k for zero order reaction?

OR

(i) For a reaction P+ 2Q — Products. Rate = k[P]1/2 [Q]". What is the order of the
reaction?
(ii) Define pseudo first order reaction with an example.

Answers

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

Average rate of reaction = :
fime

M
Rate (R)=—
{ :I At

2. The two factors that affect the rate of reaction are:
(i) concentration 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.

(ii) For zero order reaction, the unit of 'k' is mol L5

OR



3
Z-15
2

(i) Order of the reaction = % +1=
(i) Pseudo first order reaction is defined as the reac- tion which is bimolecular but order
is one. For example: acidic hydrolysis of ester (ethyl acetate).

Solutions for Questions 4 to 13 are Given Below

Case Study 4

Read the passage given below and answer the following questions :
The progress of the reaction, A = nB with time is represented in the following figure :
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The following questions are multiple choice questions. Choose the most appropriate
answer :

(i) What is the value of n?

(a) 1 (b) 2 (c) 3 (d) 4
(ii) Find the value of the equilibrium constant.

(a) 0.6 M (b) 1.2 M (c) 0.3M (d) 24 M
(iii) The initial rate of conversion of A will be

(a) 0.1 molL"hr! (b) 0.2 molL-" hr!

(¢) 0.4mol L' hr'! (d) 0.8 molL " hr!
(iv) For the reaction, if % =2 x 1074, value uf—@ will be

i
(a) 2x 10 (b) 1074 (c) 4x107* (d) 0.5x 104
OR

Which factor has no effect on rate of reaction?

(a) Temperature (b} Nature of reactant

(c) Concentration of reactant (d) Molecularity
Case Study 5

Read the passage given below and answer the following questions :

For the reaction : 2NO,, + Cl,,, — 2NOCI,, the following data were collected. All the
measurements were taken at 263 K.
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Solutions for Questions 4 to 13 are Given Below


Experiment | Imitial Initial Initial rate of disapp. of Cl,
No. [NO](M) | [CL] (M) (M/min)
1. 0.15 0.15 0.60
2 0.15 0.30 1.20
3. 0.30 0.15 2.40
= 0.25 0.25 ?

The following questions are multiple choice questions. Choose the most appropriate answer :

(i) The molecularity of the reaction is

(a) 1 (b) 2 (c) 3 (d) 4
‘ii) The expression for rate law is

(a) r=k[NOJ[CL] (b) r= k[ND]E[Clzj (c) r=k[NO] [C,lz]2 (d) r= .|Fc[1“~1£21]2[i1312]z
(iii) The overall order of the reaction is

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

(iv) The value of rate constant is
(a) 15032 M 2 min! (b) 200.08 M min! (©) 17777 M min' (d) 155.75 M min™*
OR

The initial rate of disappearance of Cl, in experiment 4 is
(a) 1.75M min™' (b) 3.23 M min™! (c) 225 M min™ (d) 2.77 M min™'

Case Study 6

Read the passage given below and answer the following questions :

A reaction is said to be of the first order if the rate of the reaction depends upon one concentration term only. For
a first order reaction of the type A — Products, the rate of the reaction is given as : rate = k[A]. The differential
[A]

dA
rate law is given as :E = —k[A]. The integrated rate law is : In T = —kt, where [A] is the concentration of

reactant left at time ¢ and [A]; is the initial concentration of the reactant, k is the rate constant.
The following questions are multiple choice questions. Choose the most appropriate answer :

(i) The unit of rate constant for a first order reaction is

(a) s! (b) mol L!s! (c) Lmol!s! (d) L2mol2s!

(i) Half-life period of a first order reaction is 10 min. Starting with initial concentration 12 M, the rate after
20 min is
(a) 0.693x3Mmin"  (b) 0.0693x4Mmin"' (c) 00693Mmin~"'  (d) 0.0693 x 3 M min™"'

OR

50% of a first order reaction is complete in 23 minutes. Calculate the time required to complete 90% of the
reaction.
(a) 70.4 minutes (b) 76.4 minutes (c) 38.7 minutes (d) 35.2 minutes

(iii) For a first order reaction, (A) — products, the concentration of A changes from 0.1 M to 0.025 M in
40 minutes. The rate of reaction when the concentration of A is 0.01 M, is

(a) 347x10*M/min  (b) 347x10° M/min (c) 1.73x 10 M/min (d) 1.73 x 10~ M/min

(iv) The half-life period of a 15t order reaction is 60 minutes. What percentage will be left over after 240 minutes?
(a) 6.25% (b) 4.25% (c) 5% (d) 6%



Case Study 7

Read the passage given below and answer the following questions :

Number of molecules which must collide simultaneously to give product is called molecularity. It is equal to sum
of coefficients of reactants present in stoichiometric chemicai equation.

For reaction, m A + m,B — Product

Molecularity = [m, + m,]

In complex reaction each step has its own molecularity which is equal to the sum of coefficients of reactants
present in a particular step. Molecularity is a theoretical property. Its value is any whole number. Number
of concentration terms on which rate of reaction depends is called order of reaction or sum of powers of
concentration terms present in the rate equation is called order of reaction.

If rate equation of reaction is : Rate =k-C" -Cp?
Then order of reaction = m, + m,.
In simple reaction, order and molecularity are same.

In complex reaction, order of slowest step is the order of over all reaction. This step is known as rate determining
step. Order is an experimental property. Its value may be zero, fractional or negative.

The following questions are multiple choice questions. Choose the most appropriate answer :

(i) Higher order (> 3) reactions are rare due to
(a) shifting of equilibrium towards reactants due to elastic collisions
(b) loss of active species on collision
(c) low probability of simultaneous collision of all the reacting species
(d) increase in entropy and activation energy as more molecules are involved.

(ii) The molecularity of the reaction :
6FeSO, + 3H,S0, + KCIO; — KCI + 3Fe,(SO,), + 3H,0 is
(a) 6 (b) 3
(c) 10 (d) 7
(iii) Which of the following statements is false in the following?
(a) Order of a reaction may be even zero.
(b) Molecularity of a reaction is always a whole number.
(c) Molecularity and order always have same values for a reaction.
(d) Order of a reaction depends upon the mechanism of the reaction.

OR
The rate of reaction, A + 2B — products, is given by the following equation:
A
e
If B is present in large excess, the order of the reaction is
(a) zero (b) first
(c) second (d) third.
(iv) The rate of the reaction, A + B + C — products, is given by r=—¥:.ﬁc[ﬂl]”2 [H-]l"g[«!‘:.‘]]IM . The order of the

reaction is !

1 1 13
@ - ®) 1 © - @ =

3 4 2 12



Case Study 8

Read the passage given below and answer the following questions :

In a reaction, the rates of disappearance of different reactants or rates of formation of different products may
not be equal but rate of reaction at any instant of time has the same value expressed in terms of any reactant
or product. Further, the rate of reaction may not depend upon the stoichiometric coefficients of the balanced
chemical equation. The exact powers of molar concentrations of reactants on which rate depends are found
experimentally and expressed in terms of ‘order of reaction” Each reaction has a characteristic rate constant
depends upon teinperature. The units of the rate constant depend upon the order of reaction.

The following questions are multiple choice questions. Choose the most appropriate answer :

(i) The rate constant of a reaction is found to be 3 x 107> mol~2 L? sec”!. The order of the reaction is

(a) 0.5 (b) 2 (c) 3 (d) 1

(ii) In the reaction, A + 3B — 2C, the rate of formation of C s
(a) the same as rate of consumption of A (b) the same as the rate of consumption of B
(c) twice the rate of consumption of A (d) 3/2 times the rate of consumption of B.

(iii) Rate of a reaction can be expressed by following rate expression, Rate = k[A]* [B], if concentration of A
is increased by 3 times and concentration of B is increased by 2 times, how many times rate of reaction
increases?

(a) 9times (b) 27 times (c) 18 times (d) 8 times

(iv) The rate of a certain reaction is given by, rate = k[H"]". The rate increases 100 times when the pH changes from
3 to 1. The order () of the reaction is

(a) 2 (b) 0 (o) 1 (d) 15
OR

In a chemical reaction A + 2B — products, when concentration of A is doubled, rate of the reaction increases

4 times and when concentration of B alone is doubled rate continues to be the same. The order of the
reaction is

(@) 1 (b) 2 () 3 (d) 4

Case Study 9

Read the passage given below and answer the following questions :

The half-life of a reaction is the time required for the concentration of reactant to T
decrease by half, i.e., L
1 Z
(4], = [A]
2

For first order reaction, = i

0.693 0 I 2 3 4

b = . Number of half-life —»

k
this means ¢, , is independent of initial concentration. Figure shows that typical variation of concentration of
reactant exhibiting first order kinetics. It may be noted that though the major portion of the first order kinetics

may be over in a finite time, but the reaction will never cease as the concentration of reactant will be zero only
at infinite time.



The following questions are multiple choice questions. Choose the most appropriate answer :

(i) A first order reaction has a rate constant k = 3.01 x 10~ /s. How long it will take to decompose half of the

reactant?
(a) 2.303s (b) 23.03s (c) 2303s (d) 2303 s

(ii) The rate constant for a first order reaction is 7.0 x 10~* s~'. If initial concentration of reactant is 0.080 M, what is
the half life of reaction?
(a) 990s (b) 79.2s (c) 12375s (d) 10.10x107*s

(iii) For the half-life period of a tirst order reaction, which one of the following statements is generally false?
(a) It is independent of initial concentration. (b) Itis independent of temperature.

(¢) Ttdecreases with the introduction of a catalyst.  (d) None of these.

'iv) The rate of a first order reaction is 0.04 mol L' s™! at 10 minutes and 0.03 mol L' s~! at 20 minutes after
initiation. The half-life of the reaction is
(a) 4.408 min (b) 44.086 min (c) 24.086 min (d) 2.408 min

OR
The plot of t,;, vs initial concentration [A], for a first order reaction is given by

t | E— 1 \ 1
(a) " (b) tin (c) hn (d) he

[Alo=* [Alg= [Alo— [Alo=?

Case Study 10
Read the passage given below and answer the following questions :

The following reaction, Ay, - P + Q) + Ry, follows first order kinetics. The half-life period of this
reaction is 69.3 s at 500°C. The gas A is enclosed in a container at 500°C and at a pressure of 0.4 atm.

The following questions are multiple choice questions. Choose the most appropriate answer :

(i) The rate constant for the reaction is

(a) 045! (b) 0.02s! (c) 0.01s"! (d) 035!
OR

The pressure of the gas A after 230 s will be

(a) 0.04 atm (b) 0.36 atm (c) 0.4 atm (d) 0.036 atm
(ii) The total pressure of the system after 230 s will be

(a) 2.15atm (b) 1.12 atm (c) 04atm (d) 3.08 atm
(iii) The plot of In[A] vs f will be

(a) linear with slope =k (b) linear with intercept = In[A],

(c) linear with slope = In[A], (d) linear with intercept = [A],

(iv) Which of the following is not an example of first order reaction?
() CyHy+Hyy — CHgy (b) 2N,05,) — 4NO,,) + Oy
(c) 2NHy ) —> Ny + 3Hyq,) (d) 2N,0(, === 2N,y + Oy



Case Study 11

Read the passage given below and answer the following questions :

A reaction in which rate of reaction is independent of concentration of the reactants is called zero order reaction.
Photochemical combination of hydrogen and chlorine to give hydrogen chloride is an example of zero order
reaction. The rate constant of a zero order reaction is equal to the rate of reaction. The half life period of a
zero order reaction is directly proportional to initial concentration of the reactant. For a zero order reaction,

k= - {lAl, - (A}

In these questions (Q. No. i-iv}, a statement of assertion followed by a statement of reason is given. Choose
the correct answer out of the following choices.

way nasertion and reason both are correct statements and reason is correct explanation for assertion.

(b) Assertion and reason both are correct statements but reason is not correct explanation for assertion.

(c) Assertion is correct statement but reason is wrong statement.

(d) Assertion is wrong statement but reason is correct statement.

(i) Assertion : For a zero order reaction, plot of rate vs concentration will be a straight line parallel to
concentration axis.
Reason : For a zero order reaction, rate is independent of concentration.

(ii) Assertion : Photochemical combination of hydrogen and chlorine to give hydrogen chloride is an example
of zero order reaction.
Reason : The rate of reaction depends on the concentration of hydrogen and independent of concentration
of chlorine.

(iii) Assertion : If in a zero order reaction, the concentration of the reactant is doubled, the half-life period is
also doubled.
Reason : For a zero order reaction, the rate of reaction is independent of initial concentration.

(iv) Assertion : In a reaction A — products, the concentration of the reactant is reduced to zero after a finite
time.
Reason : The order of reaction is zero.

Assertion : Rate constant of a zero order reaction has same units as the rate of reaction.
Reason : Rate constant of a zero order reaction does not depend on the unit of concentration.

Case Study 12

Read the passage given below and answer the following questions :
Decrease in concentration of reactant or increase in concentration of product per unit time is called rate of
reaction. It is of two types :
(i) Instantaneous rate of reaction : Rate of change of concentration of reactant or product at a particular time
is called instantaneous rate of reaction.
dc

Tinst. = E
where, dC = infinitely small change in concentration
dt = infinitely small change in time.

(ii) Average rate of reaction : Ratio of change in concentration and time required for the change is average rate
of reaction.



Ax Change in concentration
" ZAf ~ Time required for the change
For a reaction of the type, m A + m,B— n,C+n,D
Rate of reaction is given as

my dt m, di m dt n, dt
In these questions (Q. No. i-iv), a statement of assertion followed by a statement of reason is given. Choose
the correct answer out of the following choices.
(a) Assertion and reason both are correct statements and reason is correct explanation for assertion.
(b) Assernon and reason both are correct statements but reason is not correct explanation for assertion.
(c) Assertion is correct statement but reason is wrong statement.
‘d) Assertion is wrong statement but reason is correct statement.

(i) Assertion : The kinetics of the reaction, mA + nB + pC — m’ X + n’ Y + p'Z obey the rate expression as
dx m
= —k[A]"[B]" -
& A" (8]

Reason : The rate of the reaction does not depend upon the concentration of C.

(ii) Assertion : Instantaneous rate of reaction is equal to dx/df.
Reason : It is the rate of reaction at any particular instant of time.

(iii) Assertion : For the reaction, RCl + NaOH — ROH + NaCl, the rate of reaction is reduced to half on
reducing the concentration of RCI to half.
Reason : The rate of reaction is represented by k[RCI].

(iv) Assertion : In rate law, unlike in the expression for equilibrium constants, the exponents for concentrations
do not necessarily match the stoichiometric coefficients.

Reason : It is the mechanism and not the balanced chemical equation for the overall change that governs
the reaction rate.

OR
Assertion : In a reaction, 2A + B — A, B, the reactant B will disappear at twice the rate as A will decrease.
1dA B
Reason : The rate of disappearance of reactant will be - 3 % = —%

Case Study 13

Read the passage given below and answer the following questions :

2.303
For a first order reaction, A — Products, k = Tlﬂg a

e where a is the initial concentration of A and
(a—x) is the concentration of A after time . k is rate constant. Its value is constant at constant temperature for a
reaction. The time in which half of the reactant is consumed is called half-life period. Half-life period of a first
order reaction is constant. Its value is independent of initial concentration or any other external conditions.

In these questions (Q. No. i-iv), a statement of assertion followed by a statement of reason is given. Choose
the correct answer out of the following choices.

(a) Assertion and reason both are correct statements and reason is correct explanation for assertion.

(b) Assertion and reason both are correct statements but reason is not correct explanation for assertion.

(c) Assertion is correct statement but reason is wrong statement.

(d) Assertion is wrong statement but reason is correct statement.



(i) Assertion : Rate of reaction doubles when concentration of reactant is doubled if it is a first order reaction.

Reason : Rate constant also doubles.

OR

2.303

Assertion : For the first order reaction, half-life period is expressed as f,, = — log2.

Reason : The half-life time of a first order reaction 1s not always constant and it depends upon the initial

concentration of reactants.

(i) Assertion : Hydrolysis of ethyl acetate in presence of acid is a reaction of first order whereas in presence of

alkali, it is a reaction ot second order.

Reason : Acid only acts as a catalyst whereas alkali acts as one of the reactants.

(iii) Assertion : For a first order reaction, the concentration of the reactant decreases exponentially with time.
Reason : Rate of reaction at any time depends upon the concentration of the reactant at that time.

'iv) Assertion : Half-life period for a first order reaction is independent of initial concentration of the reactant.

693

0.
Reason : For a first order reaction, £, ) = T , Where k is rate constant,

'4

L HINTS & EXPLANATIONS j

4. (i) (b): According to the figure, in the given time
of 4 hours (1 to 5) concentration of A falls from 0.5
to 0.3 M, while in the same time concentration of
B increases from 0.2 to 0.6 M.

Decrease in concentration of A in 4 hours

=05-03=02M
Increase in concentration of B in 4 hours
=06-02=04M

Thus, increase in concentration of B in a given time is
twice the decrease in concentration of A. Thus, n = 2.

[A] 03

1.2 M

(iii) (a): Fromt=0to¢t= 1hr,
For A, dx=0.6—0.5=0.1 mol L}

Initial rate of conversion of A = —

0.1 mol L} @
:L =0.1 mﬂl].._l hl'_l
1hr
(iv) (b): A = 2B
_@:+l@:l x2x107*=10"*
dt 2 dt 2

OR

(d) : The number of reacting species (atoms, ions or
molecules) taking part in an elementary reaction is
called molecularity and it has no influence on the rate
of reaction.

5.(i) () :2NO,, + Cl, ,, — 2NOCl,,,
Molecularity = 3
(ii) (b): Let rate of this reaction, r = k[NO]™[CL,]"
n _ 0.60 Kk(0.15)™(0.15)"

then —= =
n 120 k(0.15)™(0.30)"

1 1
or, —=|— = n=1

r _1.20 _ k(0.15)™(0.30)"
. 240 k(0.30)"(0.15)"

1 1 2 1 1
or —={—\| -— or —=|-— = m=2
2 (Zr 1 4 (ET

Hence, expression for rate law is
r=k[NOJ* [CL,]"
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(iii) (d): As the order w.r.t. NO is 2 and order w.r.t. Cl,
is 1, hence the overall order is 3.

(iv) (<) : Substituting the values of experiment 1 in
rate law expression
0.60 M min~! = k(0.15 M)? (0.15 M)*

0.60 M min " S
$=177.77 M"* min
0.0225%0.15 M

or k=

OR
(d): r=177.7 M2 min! x (0.25 M)? (0.25 M)
~ 277 M min~"

6. (i) (a):Unit of rate constant for a reaction of n'®
order = (conc.)' " time ™

For a first order reaction, n =1

Unit of rate constant = (mol L)' ~'s ! = 5!

(ii) (d): {EIM—W-}GM—HLI-E-M

COnc.
k= % =0.0693 min~
As I, is 10 min, after 20 minutes the concentration
will be 3 M.
Hence, Rate = 0.0693 x 3 M min~"

OR
(b) : t,,, = 23 minutes
0.693
wz=m=‘k= = k=259 nin!
tin 23
For 90% completion,
f= 2.303 lr.}g[ a )
k a-x
2.303x23 ( 100 ]
= log
0.693 100-90

t = 76.4 minutes

(iii) (a): For the first order reaction,

k_EBDBIOE a
I iad—Xx
a=01M, a-x=0025M, t=40 min
2303 0.1 2303 B . ]
k= 20 loﬁﬂ.ﬂzs_ 20 log4 = 0.0347 min
[A] — product

Thus, rate = k[A]
rate = 0.0347 x 0.01 M min"
0.693

(iv) (a): t],rg _ 0.693 _ 0.693 ke —k
kK ty, 60

k=0.01155 min~"

=347 x 10°* M min!

i zzmalng[ a ]
t a—x

Let the initial amount (a) be 100.

730,
0.01155 min~* - : l{:g( 100 ]
240 min a—x

0.01155min™" X 240min ( 100 ]

2.303 B a—x
1.204 = log 100 - log (a — x)
1.204=2 - log (a - x)
log (a-x)=2-1.204=0.79
(a-x)=6.25%

7. (i) (c) : The reactions of higher order are very rare
because of the less chances of the molecules to come
together simultaneously and collide.

(ii) (c): The total number of reactant molecules
participating in a chemical reaction is known as its
molecularity, hence the molecularity =6 + 3 + 1 = 10.

(iii) (c) : Molecularity may or may not be equal to the
order of a reaction.

OR
(b) : From the expression

A

AL kg

when B is present in large excess, rate will be

independent upon the change in conc. of B, therefore
order of reaction will be one.

(iv) (d): Order of reaction = l+l 1 = O+4+3 =E
2 3 4 12 12

8. (i)(¢):Unit of k for n'® order = (mol L-")! " sec!
i)

Here, k = 3 x 103 mol~2 L2 sec™!

Unit of k = mol 2 L2 sec ' = (mol L") Zsec”!  ...(ii)

Comparing (i) and (ii) weget, 1 -n=-2=n=3

.. ) __dlA] __1d[B] _1d[C]
(i) (©):Rate===3"="3"0 2 dr

(iii) (c) : Given, R, = k[A]* [B]

According to question, R, = k[3A)* [2B]
=kx9[A)*x2[B] =18 xk[A]*[B] = 18 R,
(iv) (c) : Rate (r) = k[H"]"
WhenpH=3;[H']=10"

and whenpH =1; [H'] = 107"

_3 3y

i:k{lﬂ |}n — ! :[&] (- 1,=1001)
n o ko™)" 100 {yo7!

= (10)'=(10H)" = n=1
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OR
(b) : Let the order of reaction w.rt. A is x and wrt
Bis y.
r, = k[A]* [BY
ry=k[2A]* [B}
r; = k[A]* [2B)
n _ MAFIBP
n K2AF(BY

1 1 1 e
- ZZ(E]K - (ET:{E] = x=12
Similarly, 1o KAJ[BP

5 KA][2BY

0
- o) = (] -
2 2 2
Hence the rate law equation is
Rate = k|A]*[B]° = Order of reaction = 2

(i)
(i)
-..(iii)

9. (i) (c) : For a first order reaction :

0.693 , o
by = L k=301%x10"s
- __ 0693 _ a0as
-3
3.01x10

(ii) (a): Half life (¢,;,) of a first order reaction is given
as:
0.693  0.693

kK 70x107*

0.693
(iii) (b): For a first order reaction f, =

therefore t,,, depends upon k and hence depends on

temperature because rate constant k is a function of
temperature.

(iv) (c): Let the concentrations of the reactant after
10 min and 20 min be C, and C, respectively.
Rate after 10 min = k.C,
= 0.04 x 60 mol L 'min"
and rate after 20 min = k.C,
=0.03 x 60 mol L™"'min~"

G _4
c, 3
Let the reaction starts after 10 minutes.

2.303 C, 2303 4

k=""log—L ==""log— =0.02878
10 () 10 3
= 0.6932 _ 0.6932 — 94,086 min
k 0.02878

OR

(b) : For a first order reactions, t,,, = k[A]) = k.
Thus #,,, is independent of initial concentration.
Hence plot of t,,, vs [A], will be a horizontal line.

10. (i) (c) :f,,, =693 s
For first order reaction,

0.693
k=—— =299 _g015
L) 693
OR
2303, a 2303 04
a): k= 1 - 1
® t Gga—x 230 IDg{l.ri—.v::
2303, 04
0.01= lo = 0.011
230 204—x 04 —_x
o01_, 04 . 04
001 204—x 8 0a_x
Antilogof 1 = 04 . 10=_9% — x-036
04—x 04—x

a-x=04-036=0.04atm
(ii) (b): For the given reaction,

A
Ag = Pg Qg + Ry
Initial pressure 04 o ] 0
Final pressure 0.4 - 036 036 036 036

Total pressure = (0.4 - 0.36) + (3 x 0.36) = 1.12 atm

(iii) (b): Expression that relates concentration of
reactant and time for first order reaction is

In[A]=—kt +1In[A],

So, the plot of In [A] vs t will be linear with slope = -k
and intercept = In [A],
(iv) (c): Decomposition of ammonia on a hot

platinum surface at high pressure is a zero order
reaction.

M. @) @: 1

Concentration —
(zero order reaction)

(ii) (c):The reaction proceeds with a constant rate
which is independent of concentration of hydrogen
and chlorine. That is why, this reaction is a zero order
reaction.

(iii) (b): For a zero order reaction, t,;, = [a]/2k.
(iv) (a)
OR

(c) : For a zero order reaction, units of k is mol Lt
i.e., it depends upon units of concentration.
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12. (i) (a) : Rate expression % :k[A]"' [ B]"

shows that the total order of reactions is m + n + 0
= m + n, as the rate of reaction is independent of
concentration of C, i.e., the order with respect to C is
zero. This is the reason that C does not figure in the
rate expression.

(i) (b): Instantaneous rate of a reaction is equal to
small change in concentration (dx) during a small
interval of time (df) at that particular instant of time
divided by the time interval.

(iii) (a): For the given reaction, rate of reaction
(r) = k[RCl] (where k is rate constant). Therefore if the
concentration of [RCI] is reduced to half, then new

rate {r’):%[kﬂl].
(iv) (a)
OR
(d):2A+B—A,B
The rate of disappearance of reactant will be
_1d[A] __d[B] _d[A,B]
2 dt dt dt

Therefore, the reactant B will disappear at half the rate
as A will decrease.

13. (i) (c) : For first order reaction, Rate, = k[A,]
According to question,
[Az] = [211 1]
Rate, = k[2A ]
= Rate, = 2 Rate,
For a given reaction, rate constant is constant and
independent of the concentration of reactant.

OR

2.303
(c) : For a first order reaction k=——Iog a

a—x
2.303 a 2.303 a 2.303
= log = log—= log 2
tl.l’ﬂ a—al2 fhrz af2 I].l"l

2.303

k

Therefore half-life period t,,, = log2.

Thus t,,, is independent of initial concentration of
reactant for first order reaction.

(ii) (a): CH,COOC,H, + H,0 ——> CH,COOH

+ C,H.OH
Rate =< [CH,COOC,H.]

CH,COOC,H, + NaOH — CH,COONa + C,H.OH
Rate o= [CH,COOC,H,] [NaOH]

(iii) (b): For a first order reaction, [A] = [A]uf:‘”

kt
or log[A]=- + log[A
og[A] 5303 glAl,
(iv) (a): For a first order reaction, t,,, is inversely
proportional to k, it does not depend on the initial
concentration of the reactant.
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