Chemical Kinetics

1. For the reaction X + 2Y — P, the differential form equation of the rate law is :

(2024)
@A) 2d[P] _ —d[Y]
dt dt
5 —dIP]_-d[x]
dt dt
+d[X] - d[P]
(©l dt dt
o —24Y]_+d[P]
dt dt
Ans.
A) 2d[P] _ —d[Y]
dt dt

2. In the Arrhenius equation, when log k is plotted against 1/T, a straight line is
obtained whose : (2024)

(A) slopeis %and intercept is E,.

(B) slope is A and intercept is —2& .
(C) slope is —2 and intercept is log A.
RT
(D) slopeis — =2 and intercept s log A
slope is and intercept is .
ka7 1 At
Ans.
(D) slopeis 3 and intercept is log A.
P 2303R RASEEE

3. Define molecularity of the reaction. State any one condition in which a
bimolecular reaction may be kinetically of first order. (2024)

(a) HI
(b) Conc. HNO3
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Ans. The number of reacting species taking part in an elementary reaction, which
must collide simultaneously in order to bring about a chemical reaction is called
molecularity of a reaction.

When one of the reactants is in excess.
4. The following initial rate data were obtained for the reaction : (2024)
2NO (g) + Br;z (g) — 2NOBr (g)

Expt. No. | [NO]/mol L1 | [Brz]/mol L-1 | Initial Rate (mol L-1s1)

1 0-05 0-05 1-0x10-3
2 0-05 0-15 3-0x10-3
3 0-15 0-05 9-0x10-3

(a) What is the order with respect to NO and Br: in the reaction ?
(b) Calculate the rate constant (k).

(c) Determine the rate of reaction when concentration of NO and Br; are 0-4 M
and 0-2 M, respectively.

Ans.
Rate = k [NO] g [Brz] F
10x10°= k[0:05] P [0-05] @

3:0x102= k[0:05] " [0-15]

90x10 > = k[015]P[0-05]

On Comparing (eql) and (eq2)

5)-6)

q=1
(eql) +(eq3)

5)-G

p=2
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(a) Order w-r-t NO =2
Order w-rtBrp=1

(b)  1x10 3=k (0.05) x0.05

1x1073
0:05%0-05%0-05

K= Bmel 2s Tt (Unit can be ignored)

(c) Rate = k[NO] ?[Br;]

=8 x (0.4)*x (0.2)
=256 x 10" mol L*
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3.1 Rate of a Chemical Reaction

IETYI (2 marks)

p

In the given reaction, Ny + 3Hpg — 2NHj, the

rate of formation of NH; is 3.6 x10™* mol L1 s™%,

Caleulate the
(i} rate of reaction and
{ii) rate of disappearance of sz

The following reaction was carried out in water :
Bro+2I" —>2Br + |,

The initial concentration of I” was 0.30 M and the
concentration after 10 minutes reduced to 0.28 M. :
and :
(2021¢€) |

In the given reaction, A + 3B — 2C, the rate of

Calculate the ratio of disappearance of I”
production of 1.

formation of Cis 2.5 x 10™ mol L™ 571,
Calculate the

(i} rate of reaction, and

(ii} rate of disappearance of B.

the rate of disappearance of N;Ogg.

3.2 Factors Influencing Rate of a

5.
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Reaction

MCQ

The following experimental rate data were obtained

for a reaction carried out at 25°C:
Atsl+ﬂls1_’c¢:l+otul

(Term-1l, 2021-22) (p) |

(2020) (U]

For the reaction, 2N;Ogy) — 4NOy + Ogy), the rate
of formation of NO,, is 2.8 x 10" M 5™, Calculate |
(2018) :

Initial /| Initial [a,,;v Initial rate/
mol dm™ mol dm=2s™1
3.0x10" 2.0x10"2 189x10™
30x10°2 40%10°2 1.89 % 107
601072 40x%10™? 7.56 x 107
What are the orders with respect to Ay, and Byy?
Order with Order with
respectto Ay | respecttoBy, |
(a) | Zero Second
(b} | First Zero
e} | Second Zero
(d) | Second First |
(2023) |

Assertion (A) : The molecularity of the reaction

Hs + Bry — 2HBr appears to be 2.

Reason (R) : Two molecules of the reactants are

invalved in the given elementary reaction.

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

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

(e} Assertion (A) is true, but Reason (R) is false.

(d) Assertion [A) is false, but Reason (R) is true.

{2023)

Assertion : Order of reaction is applicable to

elementary as well as complex reactions.

Reason : For a complex reaction molecularity has no

meaning.

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

(b} Both Assertion (A) and Reason (R) are true, but
Reason (R) is not the correct explanation of the
Assertion [A)

(e} Assertion (A)is true, but Reason (R) is false.

(d) Assertion [(A) is false, but Reason (R) is true.

(2023)

Assertion (A) : The molecularity of the reaction
H, + Bry — 2HBr appears to be 2.

Reason (R) : Two molecules of the reactants are

involved in the given elementary reaction.

{a) Both Assertion [A) and Reason (R) are correct
statements, and Reason (R) is the correct
explanation of the Assertion (A).

(b} Both Assertion (A) and Reason (R) are correct
statements, but Reason (R) is not the correct
explanation of the Assertion (A).

(c) Assertion [A) is correct, but Reason (R) is
incorrect statement,

(d} Assertion (A) is incorrect, but Reason (R) is
correct statement. (2020)

Jimm:

| 10.

11. Define the specific rate of reaction.

Calculate the overall order of the reaction whose
rate law expression was predicted as ;

Rate = kiNO]¥? [0,)"2,

Define the rate constant.
(1/5, Foreign 2015, Delhi 2015C)

(Al 2024C) (|

(2020) (1]
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BT (2 marks)

12

13.

14.

15.

16.

17.

18.

19.

20.

Define rate of reaction. Write two factors that affect
the rate of reaction. (Term-ll, 2021-22, Al 2015) :

Write two differences between ‘order of reaction’
22. How will the rate of the reaction be affected when

and “‘molecularity of reaction’

For a reaction

r %
2H0,— 3 2H,0+0,

the proposed mechanism is as given below :
(1) H,0;+ M—H,0 + 10 (slow)
(2) H,0,+ 10" —H, 0+ + O, (fast)

(i} Write rate law for the reaction.
(i) Write the overall order of reaction.

(iii) Out of steps (1) and (2), which one is rate
determining step? (Delhi 2019) (Ap]

For a reaction : 2NH3y 3. S Nag + 3Hzg ¢
Rate =k

{i}  Write the order and molecularity of this reaction.
{ii} Write the unit of k. (Delhi 2014)

For a reaction : Hy + Cl, -3 2HCI ; Rate = k
(i}  Write the order and molecularity of this reaction

For areaction A + B — P, the rate is given by
Rate = k{A][B]?

(i} How is the rate of reaction affected if the

concentration of B is doubled?

(i) What is the overall order of reaction if A is _
present in large excess?  (2/5, Delhi 2015) | 3.3 Integrated Rate Equations

Write units of rate constants for zero order and for
the second order reactions if the concentration is 25. The order of the reaction
expressed in mol L™! and time in second. (Al 2015C)
(i} For areaction, A + B — Product, the rate law is

given by, Rate = k|A]'[B)%. What is the order of

the reaction?

[ii) Write the unit of rate constant 'k’ for the first
order reaction. (Dethi 2014C) (U] |

A reaction is of second order with respect to its
reactant, How will its reaction rate be affected if :
the concentration of the reactant is (i) doubled |

(ii) reduced to half ? (Al 2014C) 27. Assertion (A) : Hydrolysis of an ester follows first

(3 marks)

21.

Following data were obtained for the givenf

reaction : X + ¥ — Product

(Term-Il, 2021-22C, Delhi 2014) |

Exp. | [XUM | [Y)/M [ Initial Rate M min™?
1 01M | 02M 0.05
2 02M | 02M 0.10
3 01M | 01M 0.05

(i) Find the order of reaction with respect to X

and Y.
(ii) Write the rate law expression.
(iti} Find the rate constant. (2021C) [E.f_l

{a) surface area of the reactant is reduced,
{b) catalystis added in a reversible reaction, and
(c}) temperature of the reaction is increased?

(2020)
23. The following data were obtained for the reaction :
: A+2B——=C
Experiment |[A)/M |[Bl/M | Initial rate of formation
of C/Mmin~!
1 02 | 03 4.2 %1072
2 01 | 01 6.0x 1073
3 04 | 03 1.68x 107!
4 01 | 04 240 1072
{a) Find the order of reaction with respect to A
and B,

{b) Write the rate law and overall order of reaction.
(c] Calculate the rate constant (k). (201%) @ﬂ

24. A reaction is second order in A and first order in B.
(i) Write the unit of k. (Al 2016)

(i) Write the differential rate equation.

{ii) How is the rate affected on increasing the
concentration of A three times?

{iii)} How is the rate affected when the concentration
of both A and B are doubled? (2018 C)

MCQ

Hygg) + Claig ———3 2HCl,, is
@ 2 (1 (@0 (3

(2023)
26. The half-life period for a zero order reaction is equal to
0.6923 2k 2.303 [Rlg
e il =E, LY o Ex
(a) v (b) Ry (c) . (d) K
(where [R], is initial concentration of reactant and k
is rate constant.) (2020) |,ﬂ._nj

order kinetics.

Reason (R) : Concentration of water remains nearly

constant during the course of the reaction.

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

(b) Both Assertion (A) and Reason (R) are correct
statements, but Reason (R) is not the correct
explanation of the Assertion (A).
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(c) Assertion (A) is correct, but Reason (R) is

incorrect statement.

(d) Assertion (A) is incorrect, but Reason (R) is
correct statement. (2020)

BT (1 mark)

28, For a reaction R — P, half-life Itw} is observed

to be independent of the initial concentration of
{36
(Term-ll, 2021-22, Delhi 2017)

29. Write the slope value obtained in the plot of In[R] vs.
time for a first order reaction. (One word, 2020)

30. Write the slope value obtained in the plot of log

reactants. What is the order of reaction?

[R,]/ [R] vs. time for a first order reaction.

31. Define the following term :
Pseudo first order reaction

(NCERT Exemplar, 1/2, Delhi 2014) : -

IETYIN (2 marks)

32 Answer the following questions (Do any two) :

ta) Identify the order of reaction from the following
i 3%

unit for its rate constant : L mol™! ™1

(b) The conversion of molecules A to B follow
second order kinetics. If concentration of A is |
increased to three times, how will it affect the !

- EEXIM (3 marks)

(c) Write the expression of integrated rate 40

rate of formation of B7

equation for zero order reaction.

(Term Il, 2021-22) (1] |
33, Analyse the given graph, drawn I:el:ween;

concentration of reactant vs. time.
A

(a) Predict the order of reaction.

(b) Theoretically, can the concentration of the
reactant reduce to zero after infinite time. :

Explain. (2020) (Ev) :

34. Define rate constant and give the mathematical |
relation between rate constant and half-life period
for a first order reaction. (2020C) ()

35, Define order of reaction. Predict the order of

reaction in the given graphs:

Get More Learning Materials Here: o m

(2020) Eﬁ]

i 41,

| 42,

. For achemical reaction R — P,

(a) tuw=l— (b)) Mtz

[R]u'_'} IR]D_}
where [R] is the initial concentration of reactant
and ty; is half-life. (2019} |'E

For a reaction, CaHag + Hag — CiHgg,

rate = 5.5 x 1072 [C,H,).
(a) Write the unit of rate constant.
{b) Calculate its half-life (t,,). (2019 C)

the variation in the concentration

[R] vs. time (t) plot is given as [R]

(i) Predict the order of the reaction.

(i) What is the slope of the curve?
(2/5, Al 2019, Al 2014)

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

(NCERT, Al 2017C)

Define half-life of a reaction. Write the expression
of half-life for

(i) =zeroorderreaction and

(ii) first order reaction. (Foreign 2014)

t—

(a) For the reaction
2N30s5 — 4NOyg + Oy at 318K
Calculate the rate of reaction if rate of
disappearance of !"~I‘.E'ID'5‘=,_-r is 1.4 x 1073 M s™L,
(b) For a firstorder reaction derive the relationship

A first order reduction takes 30 minutes for 75%

decomposition. Calculate ty,.

Given:[log 2=0.3,log 3=0.48,log 4 =0.6,log 5= 0.7]
(Term-II, 2021-22) (Ap)

Observe the graph shown in figure and answer the

following questions :

L
Pl
2|
g .
2
0 Time —-

(a) What is the order of the reaction?

(b) What is the slope of the curve?

(c) Write the relationship between k and t,,, (half
life period), (Term 11, 2021-22) (Ap)
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43.

44,

43.

d6,

a7,

48,

49.

50.

A first order reaction is 50% complete in 40 minutes. !
Caleulate the time required for the completion of :

90% of reaction.
[Given : log 2 = 0.3010, log 10 = 1]

the basis of the given figure :

Concentration of R —»
/I{

o Time —3

(i} Predict the order of the reaction.
(ii} What is the slope of the curve?
(iii) What are the units of the rate constant k?

(Term-ll, 2021-22C) (Ev] :
A first order reaction has a rate constant 4.9 x 107 5™,
How long will 4 g of this reactant take to reduce to
(2020C)
Afirst order reaction is 40% complete in 80 minutes.
Caleulate the value of rate constant (k). In what time

3g7[log 4 =0.6020,log 3=04771]

will the reaction be 20% completed?
[Given : log 2 =0.3010, log 3 =0.4771,
log 4 =0.6021, log 5=0.6771, log 6 = 0.7782]

how long will it take to reduce the initial |
concentration of NH; from 0.1 M to 0.064 M?
(Delhi 2019)

A first order reaction takes 30 minutes for 20%

decomposition. Calculate ty,.
[log 2 = 0.3010]

Following data are obtained for the reaction :
N205 = 2N02 + % 02

t/s 0 300 600
[N,OslYmol L™ [ 1.6 x 1072 | 0.8 % 107? |0.4 x 1072

(a) Show that it follows first order reaction.
(b) Calculate the half-life,
(Given : log 2 = 0.3010, log 4 = 0.6021)

(Delhi 2017) (An)

A first order reaction takes 20 minutes for 25%
decomposition. Calculate the time when 75% of the :

reaction will be completed.
(Given : log 2 = 0.3010, log 3 =0.4771,
log 4 = 0.6021)

(Term-Il, 2021-22) |

The variation in the concentration (R) vs. time (t) plot
is given below. Answer the following questions on :

(2020) : o5

The decomposition of NH; on platinum surface is zero
order reaction. If rate constant (k) is 4 x 1073 M 5™},

(3/5. A1 2019)

(A1 2017) (An) |

21.

| 52.
i 53

54,

i 56,

Get More Learning Materials Here: o m

For the first order thermal decomposition reaction,
the following data were obtained :

CEHEEI[E’ o CZH'“.!']' + HEI‘F}
Time/sec Total pressure/atm
0 0.30
300 0.50
Calculate the rate constant.
(Given:log 2=10.301, log 3= 04771,
log 4 = 0.6021) (Al 2016)

A first order reaction takes 30 minutes for 50%
completion. Calculate the time required for 20%
completion of this reaction. (log 2 =0.3010)

(3/5, Delhi 2015) (An)

A first order reaction takes 10 minutes for 25%
decomposition. Calculate ty,; for the reaction.
(Given : log 2 =0.3010, log 3= 04771,

log 4=0.6021) (3/5, Foreign 2015)

For a chemical reaction R — P,

the variation in the concentration, T %

In [R] vs. time (s) plot is given as InfR]

(il Predict the order of the
reaction,

(ii} What is the slope of the curve?

(iii} Write the unit of the rate constant for this
reaction. (375, Foreign 2015)

The rate constant for a first order reaction is
60 sl How much time will it take to reduce
the initial concentration of the reactant to its
1/10™ value? (Al 2015C)

The following data were obtained during the
first order thermal decomposition of SO,Cl, at a
constant volume :

t(s) —>

502C|2(3) - 50.2‘3, + ClZ(g’
Experiment | Time/s Total pressure/atm
1 0 0.4
2 100 0.7

Calculate the rate constant.
(Given : log 4 = 0.6021, log 2 = 0.3010)
(Delhi, Al, Foreign 2014) (Ev ]

Hydrogen peroxide, H;0,q, decomposes to

H,0p and Oy in a reaction that is first order in

H,0, and has a rate constant k = 1.06 x 10™% min™",

(i) How long will it take for 15% of a sample of
H,0, to decompose?

(i) How long will it take for 85% of the sample to
decompose? (Delhi 2014C) (£v)
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(4/5 marks)

The following questions are case based questions. Read
the case carefully and answer the gquestions that follow.

58. 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 |

29

Get More Learning Materials Here : &

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 |

i 60.

order of a reaction can be determined from rate law

or its integrated rate equation.
(i) What is average rate of reaction?

reaction.

{ii) Write two factors that affect the rate of

(iii) (1) What happens to rate of reaction for zero

order reaction?
(2)

OR
For a reaction P+ 20— Products

(iii) (1)

reaction?
(2)

example,

What is the unit of k for zero order reaction?

Rate = k[P]2[Q]". What is the order of the |

Define pseudo first order reaction with an
(2023) |

Read the passage given below and answer the

questions that follow :

The rate law for a chemical reaction relates the :
reaction rate with the concentrations or partial
pressures of the reactants. For a general reaction,
af + BB — C, with no intermediate steps in its
reaction mechanism, meaning thatitis anelementary |
reaction, the rate law is given by r = k[A]'[B])Y, where |
[A] and [B] express the concentrations of A and B 55
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 reactions has constant |
rate that is independent of the concentration of
the reactions. 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.

(i)
has the following rate expression
Rate = k [A]Y2 [B]¥?

(ii)
reaction?

{iii) What is meant by rate of a reaction?

(iv)

Calculate the overall order of a reaction which

6l

What is the effect of temperature on rate of

{a) A first order reaction takes 77.78 minutes

for 50% completion. Calculate the time !

c=x

required for 30% completion of this
reaction. (log 10 = 1, log 7 = 0.8450)

OR
A first order reaction has a rate constant
1 % 107 per sec. How long will 5 g of this
reactant take to reduce to 3 g7
(log 3=04771;log 5=0.6990)
(Term I1, 2021-22) (£

Read the following passage and answer the
gquestions that follow :
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
areaction is given by rate law :
Rate = k[A]" [B]"
% 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 elementary
reaction are same. Zero order reaction are relatively
uncommon but they oceur under special conditions.
All natural and artificial radioactive decay of
unstable nuclei take place by first order kinetics.
{a) What is the effect of temperature on the rate
constant of a reaction?
(b) For a reaction A + B — Product, the rate law is
given by, Rate = k|A]4[B]Y<. What is the order of
the reaction?
How order and molecularity are different for
complex reactions?
A first order reaction has a rate constant
2 % 1072 51, How long will & g of this reactant
take to reduce to 2 g7

OR

The half life for radioactive decay of 1*C is 6930
years. An archaeological artifact containing
wood had only 75% of the C 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] (Term 11, 2021-22) [:[_:;l
A first order reaction is 25% complete in 40
minutes, Calculate the value of rate constant. In
what time will the reaction be 80% completed ?
Define order of reaction, Write the condition
under which a bimolecular reaction follows first
order kinetics. (2020) (]

(b)

{c)
{d)

{a}

(b)
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62. (a) Vishaplotted a graph between concentration of :
R and time for a reaction R — P. On the basis of :

this graph, answer the following questions :

N

(Rl

i

"
N\

\“.
\\
Time —>
(i) Predict the order of reaction.
(i) What does the slope of the line indicate?

(ii)) What are the units of rate constant?

Conc.of R —>

N

(b) A first order reaction takes 25 minutes for 25%

decomposition. Calculate t, .
[Given : log 2 = 0.3010. log 3=0.4771.
log 4 = 0.6021)]

solution, the following results were obtained :
t/s 0 30 60
[CH,COOCH,/mol L' | 060 | 0.30 | 0.15

(i) Show that it follows pseudo first order reaction,

as the concentration of water remains constant.
(i) Calculate the average rate of reaction between
73. The rate of a reaction becomes four times when the

the time interval 30 to 60 seconds.
(Given : log 2 = 0.3010, log 4 = 0.6021)

3.4 Temperature Dependence of the

Rate of a Reaction
MCQ

64. Which of the following is affected by catalyst?
(a) AH (b) AG () E, (d) AS

for the reaction will be

(a) same

(b) greater than 10°% min~
(€) lower than 107 min~!
(d) data insufficient, E, cannot be predicted.

1

(2020€) (1)

I (1 mark)

66, Will the rate constant of the reaction depend upon T

if the E,q; (activation energy) of the reaction is zero?
(One word, 2020) '

Get More Learning Materials Here: n m

(2 marks)

69. What happens to the rate constant k and activation

(Delhi 2015)

(2023) |
65. A biochemical reaction was carried out in the
absence of enzyme and the rate of reaction was :
found to be 107 min~L. If the same reaction isnow : /9. A first order reaction is 50% completed in

carried out in the presence of enzyme, then the E, |

67. What is the effect of adding a catalyst on
(a) activation energy (E,), and
(b) Gibbs energy (AG) of a reaction? (Al 2017) I'A'_E]

| 68. Define the following :

Energy of activation of reaction.
(1/5, Foreign 2015, Al 2014C)

energy E, as the temperature of a chemical reaction

is increased? Justify. (2023)

70. 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,;? (2/5. Al 2019)

71. Howdoes a change in temperature affect the rate of a
(2020)
63. For the hydrolysis of methyl acetate in aqueous :

(3 marks)

72. The rate constant for the first order decomposition

reaction? How can this effect on the rate constant of
reaction be represented quantitatively? (Al 2014C)

of N,Os is given by the following equation :
k = (2.5 x 1014 571) gf~25000 k)T

Calculate E,, for this reaction and rate constant if its
half-life period be 300 minutes. (2020) (Ap)

temperature changes from 293 K to 313 K. Calculate
the energy of activation (E,) of the reaction assuming
that it does not change with temperature.
[R=8.314 K mol™, log 4 = 0.6021]

(NCERT, 3/5, Al 2019)

74. The rate constant of a first order reaction increases

from 2 x 1072 to 6 x 10™2 when the temperature

changes from 300 K to 320 K. Calculate the energy

of activation.

(Given:log 2 =0.3010,log 3=04771, log 4 = 0.6021)
(2019 C)

40 minutes at 300 K and in 20 minutes at
320 K. Calculate the activation energy of the
reaction. (Given : log 2 = 0.3010. log 4 = 0.6021,
R=8314 ) K mol™?) (2018)

76. The rate constant for the first order decomposition

of H,0, is given by the following equation :

1.0x10*
T

logk=14.2 - K

Calculate E, for this reaction and rate constant k if its
half-life period be 200 minutes,

(Given: R = 8.314 ) K™ mol™?) (Delhi 2016) (An)
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77.

78.

79.

The rate constant of a first order reaction increases
from 2 x 1072 to 4 x 1072 when the temperature

changes from 300 K to 310 K. Calculate the energy : Wy =
: 3.5 Collision Theory of Chemical

(Delhi 2015)

of activation (E,). (log 2 = 0.301, log 3 = 04771,
log 4 = 0.6021)

The rate constants of reaction at 500 K and 700 K

are 0.02 s™! and 0.07 ™! respectively. Calculate the :
value of activation energy, E, (R = 8.314 J K™ mol™).
(Delhi 2015C) :

For a decomposition reaction, the values of k at

two different temperatures are given below:
ky =2.15 x 1078 L/(mol.s) at 650 K
kp = 2.39 x 1078 L/(mol.s) at 700 K

Calculate the value of E, for the reaction.

(R=8.314JK  mol™) (Al 2014C)

Reactions

: B0. (3a) The rate constant for a first order reaction is

60 s™1. How much time will it take to reduce the

initial concentration of the reactant to its -1— th
value? %0
(b) Write two factors that affect the rate of a
chemical reaction.
{c) Write two conditions for the collisions to be
effective collisions. (2020)

3.2 Factors Influencing Rate of a

Reaction
MCQ ;
1. For the reaction, A + 2B — AB,, the order w.rt. :
reactant Ais 2 and w.r.t. reactant B is zero. What will |
be change in rate of reaction if the concentration of !

A is doubled and B is halved? i

{a) Increases four times

(b) Decreases four times

(c) Increases two times

(d) No change (2022-23)

Y (2 marks) '
2. Explain how and why will the rate of reaction for a

given reaction be affected when i

(a) acatalystis added :

(b) the temperature at which the reaction was :
taking place is decreased? (2022-23)

3. For areaction the rate law expression is represented

as follows : I

Rate = k [A][B]"?

(i) Interpret whether the reaction is elementary or
complex. Give reason to support your answer.

(i) Write the units of rate constant for this reaction
if concentration of A and B is expressed in
moles/L. (2020-21) (Ap)

4. The following results have been obtained during the

kinetic studies of the reaction :
P+2Q-—->R+2S

Exp. | Initial P | InitialQ | Initial Rate of
(mol/L) | (mol/L) Formation of R
(Mmin™Y)
1 0.10 0.10 30x10™
2. 0.30 0.30 9.0x10™
3, 0.10 0.30 3.0x10™
4, 0.20 0.40 6.0x10™

Determine the rate law expression for the reaction.
(2020-21) (Ev)

3.3 Integrated Rate Equations

i s,

MCQ

Which radioactive isotope would have the longer

half-life 50 or ?O? (Given rate constants for *O

and Y0 are 5.63 x 102 s"  and k = 2.38 x 1072 s™!

respectively.)

(a) 150

(b) 190

(c) Both will have the same half-life

(d) None of the above, information given is
insufficient (2022-23)

- (2 marks)

§6.

Get More Learning Materials Here: & m

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)
(2022-23)

The C-14 content of an ancient piece of wood was
found to have three tenths of that in living trees,
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How old is that piece of wood? (log 3 = 04771, ¢

log 7 =0.8540 , Half-life of C-14 = 5730 vears)

(5 marks)

8.

Get More Learning Materials Here : &

Read the passage given below and answer the

guestions that follow.

Are these nuclear reactions going on in our bodies?
There are nuclear reactions constantly occurring in
our bodies, but there are very few of them compared
to the chemical reactions, and they do not affect our
bodies much. All of the physical processes that take
place to keep a human body running are chemical
processes. Nuclear reactions can lead to chemical :

damage, which the body may notice and try te fix.

The nuclear reaction occurring in our bodies is :
radioactive decay. This is the change of a less
stable nucleus to a more stable nucleus. Every
atom has either a stable nucleus or an unstable |
nucleus, depending on how big it is and on the ratio |
of protons to neutrons. The ratio of neutrons to
protons in a stable nucleus is thus around 1:1 for :
small nuclei (Z < 20). Nuclei with too many neutrons,
too few neutrons, or that are simply too big are |
unstable. They eventually transform to a stable :
form through radioactive decay. Wherever there
are atoms with unstable nuclei (radioactive atoms),
there are nuclear reactions occurring naturally. The
interesting thing is that there are small amounts of |
radioactive atoms everywhere: in your chair, in the

ground, in the food you eat, and yes, in your body.

The most common natural radicactive isotopes
in humans are carbon-14 and potassium-40.
Chemically, these isotopes behave exactly like
stable carbon and potassium. For this reason, the

- 3.4 Temperature Dependence of the
does normal carbon and potassium; building them |
into the different parts of the cells, without knowing
that they are radiocactive. In time, carbon-14 atoms
decay to stable nitrogen atoms and potassium=-40 |
atoms decay to stable calcium atoms. Chemicals in
the body that relied on having a carbon-14 atom or |
potassium=-40 atom in a certain spot will suddenly
have a nitrogen or calcium atom. Such a change
damages the chemical. Mormally, such changes are |
so rare, that the body can repair the damage or filter

body uses carbon-14 and potassium-40 just like it

away the damaged chemicals.

The natural occurrence of carbon-14 decay in the
body is the core principle behind carbon dating. |
As long as a person is alive and still eating, every
carbon-14 atom that decays into a nitrogen atom is
replaced on average with a new carbon-14 atom. But |

(2020-21)

c=x

once a person dies, he stops replacing the decaying
carbon-14 atoms. Slowly the carbon-14 atoms decay
to nitrogen without being replaced, so that there is
less and less carbon-14 in a dead body. The rate at
which carbon-14 decays is constant and follows first
arder kinetics. It has a half - life of nearly #000 yvears,

5o by measuring the relative amount of carbon-14 in

a bone, archeologists can calculate when the person

died. All living organisms consume carbon, so carbon

dating can be used to date any living organism, and
any object made from a living organism. Bones,
wood, leather, and even paper can be accurately
dated, as long as they first existed within the last

60,000 years. This is all because of the fact that

nuclear reactions naturally ocecur in living organisms.

(Source: The textbook Chemistry: The Practical Science

by Paul B. Kelter, Michael D. Mosher and Andrew Scott

states)

{a) Why is carbon -14 radioactive while carbon-12
not? (Atomic number of carbon: &)

(b) Researchers have uncovered the youngest known
dinosaur bone, dating around &5 million years
ago. How was the age of this fossil estimated?

(c] Which are the two most commeon radioactive
decays happening in human body?

(d) Suppose an organism has 20 g of carbon-14
at its time of death. Approximately how much
carbon-14 remains after 10,320 years? (Given
antilog 0.517 = 3.289)

OR
Approximately how old is a fossil with 12 g

of carbon-14 if it initially possessed 32 g of
carbon-147 (Given log 2.667 = 0.4260)
(Term I, 2021-22)

Rate of a Reaction

MCQ

Arrhenius equation can be represented graphically
as follows :

Ink{s™

3K
The (i) intercept and [ii) slope of the graph are
(a) (i) InA (i) E/R (b) (i) A (i) E,

(c) i) In A (i) =E/R (d) (i) A (i) =E,
(2022-23)
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3{seuet)

E 54 xig’ el g

2. Bry+2I"——>2Br + |,
According to rate law expression
dBr]__1dl7]_ 1dBr]_ di,]
dt 2 dt 2 dt dt
_dﬂzl I 0.30-0.28
dt 10
1dr]_ d]
2 dt dt

g[a!fl=-;- % 0.002 M min”~

Ratio of disappearance of |7
0002 2.

=—je, 2:1
0001 1
3. Given, ‘ﬁ:] 2.5 % 10°* mol 11 ¢!

=0.002 Mmin~!

or 120,001 M min™?

and production of |,

According to rate law expression,
_d[A] _ 1d[E] _ld[l:]
dt  3dt 2 dt

(i) Rateof reaction=

1dc)
2 dt

% x25x%x 10" mol " s = 1.25 x 107 mol L™ 5™
(il Rate of disappearance of B = _diB] _34IC]
de 2 dt

x25%10"molL"1s"1=375x 10" mol "1 s~1

ha | 3

Concept Applied f:g_?h

= For expressing the rate of a reaction where
stoichiometric coefficients of reactants and products
are not equal to one, the rate of disappearance or
appearance is divided by the respective stoichiometric
coefficients.

Get More Learning Materials Here: &

From exp (2), 1-89 x 107*

Coscrne €3

d[";?ﬂ 28x107° Ms™!

According to rate law expression,

_1 diN,Os] _1d[NO,] _d[O;]

2 dt 4 dt  dt
B L2 1 2 «2.8x103
dt
"‘“ZIO] ; 28x10°2=14x10" Ms!

|5 (c):Rate =KAF[B)
. From exp (1), 1-89 x 107 = k(3.0 x 10%)* (2.0 x 107%)

i)
= k(3.0 x 1072)* (4-0 x 10°2)"_(ii)

Dividing (ii) by (i), we get 1 =(2)"
i ~ly=0

From exp (3),

© 7:56 % 107 = k(6.0 x 107%)* (4.0 x 107%) ..{ii)
: Dividing (iii) by (ii), we get

. 7-56x10™ _ (6-0x107)

: 1.89x10™ (30x107)"

L A4=(2)

F (27 =(2)

P |x=2

Rate = k[AJ* [B]°

: 4. (a): The number of reacting species (atoms, ions or

- malecules) taking part in an elementary reaction, which
must collide simultaneously in order to bring about a
| chemical reaction is called the molecularity of a reaction.
. Thus, for the reaction, H, + Br, —— 2HBr, the
molecularity will be 2 as two molecules of reactants are
| involved in elementary reaction.

7. (b)l:Order is applicable to elementary as well as
i complex reactions whereas molecularity is applicable
 only for elementary reactions. For complex reaction,
 malecularity has no meaning.

8. (al:Molecularity is two because two molecules
| of the reactants are involved in the given elementary
| reaction,

9. Given, rate = KNOJ¥2 [0,]2

3 1 4
Owverall order = -£+ai=n-2-=r2

: 10. Rateconstant is the proportionality factor in the rate
* law expression for a chemical reaction. It is defined as the
i rate of achemical reaction for which the concentration of
each of the reacting species is unity,

11. At a given temperature, rate is equal to the rate
i constant of reaction when concentration of the reactant

@’g www.studentbro.in



Get More Learning Materials Here : &

in unity. Thus rate constant is also known as specific :
products thus, the molecularity is two.
In the case of two reactants, the reaction may be writtenas: :
i molL7ls™L
i 16. (i)
: reaction is independent of the concentration of H, and
Cl,. Hence, it is a zero order reaction.

reaction rate.

A + B — Products
dx
=—=kC,C
r dt oS

where all the terms have their usual meaning.
fC,=Cg=1 then r=kL

product) per unit time is called rate of reaction.

Following factors affect the rate of a chemical reaction :
(i) Concentration of reactants Higher

reaction.
Rate = k C", where C = concentration of reactant.

(ii) Temperature : The rate of reaction increases with
the temperature. For every 10°C rise in temperature rate :
i (i) IfAls present in large excess, rate of reaction will be
¢ independent of concentration of A and hence, order of

13. Differences between order and molecularity of a reaction will be 2.

of reaction increases 2 to 3 times.

reaction are the following
Order of a reaction Maolecularity of a reaction

1. )it is the sum of]lt is the number of
powers of  thelspecies (atoms,

reacting
ions or

reactants in the ratelelementary
law expression.

reaction.

2. |It can be zero or|ltis always a whole number.
even a fraction.

Key Points 0

= Generally, in a complex reaction the order of reaction
is equal to the molecularity of the slowest step.

14. (i) Rate =k[H,0,](I"]

(i) Overall order of reaction is 2.

(i) Step (1) being the slow step is the rate determining
step of the reaction.

Concept Applied @

= Slowest step of the mechanism is always the rate
determining step.

15. (i)

pressure.

its concentration.

concentration of reactants, faster would be the rate of

17, )

g . v
In this reaction, platinum metal acts as a catalyst. At | From eaqn. (i) and (i), -2

high pressure, the metal surface gets saturated with gas
molecules. So, a further change in reaction conditions is °
unable to alter the amount of ammonia on the surface of
the catalyst making rate of the reaction independent of
i (i) The rate law expression is r = k[X}[¥]° = k(X]

c=x

However, two molecules of ammonia react to give

(il For a zero order reaction, unit of rate constant is

Experimentally, it is found that the rate of

Molecularity = 2

! (i) Unit of k = mole litre™! sec™!
12. Change in concentration (ie. either decrease in i (i

concentration of reactant or increase in concentrationof :

Concept Applied ((@;
2 Rates klconc]”

= Rate Mol Ls™t
[Conc]” [Mol L'!]"
Where n = order of reaction.

= unitofk=

From the rate law equation, order of reaction
w.rt. B is 2. Hence, if concentration of B is doubled, rate
will become four times.

18. Unit of rate constant (k), for zero order reaction.
i Rate =k[A]”=k=mol L"*s™!

¢ Unit of rate constant (k), for second order reaction

| Rate =k[A]®? = k=Lmol s

concentration of thelmolecules) taking part in an| : 19. (i)
reaction which| | - “ .
; . .| i concentration terms,
must collide simultaneously in| :

order to bring about a chemical (i) Unit of rate constant for first order reactioniss™ .

: 20. Let the concentration of the reactant [A]=a

¢ Order of reaction =2

| Sorate of reaction = k [A]? = ka® (1)
i (i) Given that concentration of the reactant is doubled

: So, [A] = 2q,

i Putting the value in equation (i) we get

: New rate of reaction, R, = k(2a)* = 4ka®

i Hence, rate of reaction will increase to 4 times.

. (ii) Given that concentration of the reactant is reduced
¢ to half

¢ So,[A] = (1/2)a

¢ Putting the value in equation (1), we get

: New rate of reaction R; = k((1/2)a)? = (1/4)ka*

Hence, rate of reaction will reduce to 1/4.

i 21. Let the rate law expression is r = KXPIY

i Given, ry = k(0.1)°(0.2)* = 0.05 i)
The decomposition of gaseous ammonia on
a hot platinum surface is a zero order reaction at high

Order of reaction is sum of powers of

Order of reaction=1+2=3 )

r2 =k(0.2)" (0.2)" = 0.10

ry = k(0.1)° (0.1)” = 0.05

010 _,
= = =1
e e

(1)}
(i)

i i Ll_s-o.:g-.s-g b =
From egn. (n)and(m).r 505 2° =5b=0

3
(i) Order w.r.t. Xisone and w.r.t. Yis zero.
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() From tha fatelaw, k;E[i_t]E= Tf

22. (a)

catalyst, the smaller is the particle size ie, greater is the |
surface area, the faster is the reaction. Therefore, on | k

reducing the surface area, rate of reaction is reduced.

{b) A catalyst generally increases the speed of a
- 27. la):Hydrolysis of an ester is a pseudo first order
! reaction.

of reaction in both forward and reverse reaction, which | 55  ya1p.jife of first order reaction is independent of the

; S ¢ initial concentration of reactants.
increases with increase :

reaction without itself being consumed in the reaction.
For a reversible reaction catalyst increases the speed

helps in attaining the equilibrium faster.
() The rate of reaction

in temperature. In most of the cases, the rate of
reaction becomes nearly double for every 10°C rise of |
temperature. In some cases, reactions do not take place at |

L osvee Tios (7]

room temperature but takes place at higher temperature.
23. (a) Let rate = k[A]'[B]"

4.2 x 1072 = k{0.2)(0.3) i)
i)
iy |

6.0 x 1073 = kl0.1)¥0.1)¥
1.68 x 107! = k(0.4Y(0.3)"
2.40 x 1072 = K{0.1Y(0.4)"
Dividing eqn. (iii} by {i),
1.68x1071 _(04)
42x107  (0.2)
or 4=2" = x=2
Dividing eqn. {iv) by (ii),
2.40x10" _(04)
6.0x10"  (0.1)

Hence, order of the reaction wart. Ais 2 and wrt. Bis 1
(b) Rate = k[A}*[B]®
Overall order of reaction=2+1=3
(e} From experiment 1,
42%107%= k0.2)%(0.3)
or 42x107%=kx0012
or k=35
24, Since the reaction is second order wrt. A and first
order w.r.t. B.
(i) Differential rate equation is
Rate = k[A]*{B]
{ii) The new concentration of A = [34]

New rate = k[3A}%[B] = 2k{AJ4[8]

MNew rate = 9 times of the original rate
(iii} New concentration of A = [24]
Mew concentration of B = [2B]

New rate = k[2A]°[2B] = BK[A]*[B]

MNew rate = B times of the original rate.

ord=4" = y=1

25. [c): Photochemical combination of hydrogen and

reaction because rate of reaction is independent of
concentration of the reactants.

H; + Cly -ty 2HC)

Get More Learning Materials Here : &

For a reaction involving a solid reactant or :

i)

P32, (a)
i or (bar)?="s"1

i Forrn=2k= mol™! L ™1, Thus, this reaction is a second
i order reaction.

: (b) Forthe reaction A — B

c=x

_3 . .1 | 26, (d):For zero order reaction rate constant is given by :
—— =5x10""min"" :

k=m1°t'm]. Att:tlﬂ.[ﬂ]=%
[Rlg
Rl - R R
= 2 == k= [ ]CI 1 =&
tlIZ tl.\‘E::|r vz 2k

In zero order reaction, ty;; is directly proportional to [R],.

g 0.693
2=
i 29. Slope ==k

= The straight line graph is represented by the equation
¥ = mix + ¢, where m represents the slope of the graph.

30, For first order reaction

i _2303, (Rl
[Rol |kt
%8 "R = 2.303

Plotting log [Rg)/[R] vs t will give a straight line with slope
Pk

31. Those reactions which are not truly of the first order
but under certain conditions become reactions of the
i first order are called pseudo first order reactions.

£.g., inversion of cane sugar ;

H*
CyoH22044 +H,0—— C H,,0, + CH, 0,

Cane sugar Glucose Fructose

Rate = k[C45H22044]'[H,0]°

Lnit of rate constant (k) = {(mol L'lfi1 =ngnl

S -

i Rate =R = kA]* (As reaction is of second order.)
| R =k[3A] = R = 9k[A]®

P ==

i R

So, rate of reaction becomes 9 times by increasing
| concentration of A to three times.

{¢) Integrated rate equation for zero order reaction is :
[A]; = -kt + [A

i 33, (a) The reaction is of first order.
S (b) The rate of first
chlarine to give hydrogen chloride is called zero order concentration of the reactant vary exponentially with
| time. Hence, theoretically it will take infinite time for the

reaction to go to completion (though after a finite period,
i the concentration becomes nearly zera).

order reactions and the
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34. Rate constant is the proportionality factor inthe rate :

k=Pl At oty IR Bl
rate of a chemical reaction for which the concentration of t Y=

law expression for a chemical reaction. It is defined as the

each of the reacting species is unity.

Half-life of first order reaction is independent of the

initial concentration of reactants.

0.693
tyn= X

35. The sum of the exponents (powers) to which the :
molar concentrations in the rate law equation are raised :
to express the observed rate of the reaction is called the

order of reaction.
(a) For first order reaction, ty; = k[Rol® = k

Thus, t4, is independent of initial concentration. Hence, '

plot of t,,, vs. [Ry] will be a horizontal line.
(b) For zero order reaction, ty;; = k[Rg]

Hence, plot of ty,; vs, [Rg] will be linear passing through :

the origin and having slope = k.

Ly Points (3
e
[R Olo- -1)
where, n = order of reaction

36. (a) Given, rate = 5.5 % 10724 [C,H,]

This implies that it is a first order reaction as rate depends

on [C;H,4] only.
Hence, unit of rate constant is s™* or time™L,

(b) For a first order reaction, ty/; = 0.693

0.693 13
or typ= ——— =126 % 10" sec
Y2~ 55%1071
37. (i) The reaction is of zero order.

(i1) Slope of the curve = -k

Loncept Appied (@]

= For zeroorder reaction,
[R], = -kt + [R],

38. For first order reaction, t= 2403 —log (R°]

Tk l&]

001=10"?
2.303

For 99% completion of reaction
t=toge [Rlp=1,[R],= (1-0.99) =

2.303 1 2303

1072
For 90% completion of reaction
t = tooo. [Rlo = 1. [R), = (1-0.9) = 0.1 = 107!

2.303 1 2303 2.303

tooe = . log e log 10% = =T x2 (i)

togo = =108 === log10= =2 i) |

10~
Comparing equations (i) and (ii), tyee = 2 % ty 99

39. The time taken for half of the reaction to complete,
ie, the time in which the concentration of a reactant :
is reduced to half of its original value is called half life :

period of the reaction.
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40. (a) Given:

For 99% completion of reaction
| t=tgg5 [Rlp=1,[R], = (1-0.99) =001 =10

togy = log

i tose= [ = lo
i Comparing equations (i) and (ii), t; g9 = 2 % t5 99
i 41.

Coscrne €3

(i) For zero order reaction rate constant is given by :

[Rlo
_[Rlo-— _IR, :tm:%
5 b2 2ty; 2k
i For zero order reaction, ty,; is directly proportional
: to[Rlp.
: (ii) For first order reaction,
: 2303 [R]o [Rly
= , A ..—
2.303 [Rly 2.303
k= log or, ty;p =——log2
tz CRp/2 O VET T OB
2.303x0.3010 0.693
| g —=hps
i For first order reaction, tys; is independent of initial
: concentration.
—dIN;0s]

& =3\ g1
at 1.4 x 107" Ms

According to rate law expression,

_ld[NZOS] - ld[NOZI . d[OZJ

2 dt 4 dt  dt
: Rate of reaction = 11‘.&2_95_]. o }_ %1.4x10>Ms™1
i 2 dt 2
=7x 10" Ms™
(b) For first order reaction, t= 2.303 log ![%?]!

2.303 1 2303 102 = 2.303 &

R T T S

i)

For 20% completion of reaction
: t=toe0 [Rlo=1.[R] = (1-0.9) = 0.1 = 10

2.303

220 1 A (e i)

2.303

m,dmogm"- [

for 18 lebiar dzwr\fbd-llkw
W i(a_'{‘x. }?' m'.& 3t{)uhm
Ao

K> R;}Q} loa,,[ﬁ.:}
Koo Qd0S x degp4
Jowpw Y

f \‘7>~ v )
Ll = I‘qu ™ 1,:; (zf.- ;,-{n; “"3"'(..%3 o Ay 1J

Ep o Lbla ndom 4o 8 dogi
(i e (Ao te 3 Legiet )
o B3 30 M s Lﬁmnul
Irbany >
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42. (a) This graph represents first order reaction.

(b} Slope of the curve is
0.693

k
43. typor tgge = 40 min
k=263 _0693 _ 40173 min~!
tyz 40

_ 2303,
topm = k

&) typ=

100 2303, .. _ L
10090~ 0.0173 °&10 = 133 min

44, (i} The reaction is of zero order.
(i} Slope of the curve = =k

(iii} Unit of rate constant, k, for zero order reaction is

Unit and magnitude of rate constant shows the given
reaction is of first order,
: (b} The formula for half-life for first order reaction is

0.693 0.693

byjp=———= =301.30s
: =T kT 28wn et
50. According to the 1% order kinetics
| ke 1m3lnglﬁﬂ]
: t A

2303 [100] "

k= log—— k=0.014
; 20min E [75] in
© Similarly, for 2™ process, 0.014 = == E.SGEIGS{

t =99 min

-1 -1
malL s Commanly Made Mistake { £k
45 tﬁﬂmgﬁ = A;=conc attimet, ie, [A]g - [X]
k Ay Where [X] = conc. of reactant that has been decomposed.
_ 2303 | 4 i
T 4.9x10-3 Y : 51. The given reaction is
i C.H:Cly — C Hy + HCI
h=58.758 | Attimet=0 %030 & 2
46. According to the 1% order kinetics, ?‘ *i“l"“ = 300 sec A 3;'-3” - X . 55 X
2303 [A i Total pressure =0.30 - x + x + x =0.50 atm
k=TIng¥“- i or 030+x=0.50
[Al | - x=050-030=020
k= _2 303!:}310“ - 6,386 x 10~ min~! ¢ .. Initial pressure, Py = 0.30 atm
BO 60 : Pressure of C;HsCl after 300 sec,
Time required for 90% completion of the reaction, P,=0.30 - 0.20 = 0.10 atm
: Using formula for first order reaction,
t= z:malng e = 205 log10 = 360.63 minutes. n:m
k 10 6.386x107° k=2 ,ug-gg,
47. For a zero order reaction, k= ll:[.ﬂ]n —[Al :
: 2303, 030
= |= 5 %(0.1-0.064)=9s T 300 C0.10
4107 !
2,303 2.303x0.4771 _ 3. 1
48. For a first order reaction, k= 2'::0310 [:2;) K 300 2 G 300 "R
ke 2.303|08 30 = 203 x0.097 = 7.4 x 10 m|n @
30 100-20 30 : 2 For a typical first order gas phase reaction, the
by 0.693 » 0.693 5 93.65 min . concentration term can be replaced by pressure term.
k 7.4x107 b :
: 52, tspy or ty, = 30 minutes
[ Commonly Made Mistake (4] L, L0693 0693 oo
2 The units of time and rate should be kept uniform. i bz 30 '
4%, (a) The formula of rate constant for first order toox = 2 303 100 2.303 log10
reaction is : 100 90 00231
2303 [_A_]Q_ : =.99.69 minutes |
k= R log (Al : 53. For afirst order reaction,
‘ : ) -2303, Rl 2303 . 100
2.303, (1.6x10"%)mol ! 3 -1 - t o8 (R] 10 100-25
1= log =5 —=23x107" s
300s  (0.8x107%) mol L K 2.303 —_—
Sirilarly, ky = 2303 (1.6x1072)mol L~ g Pt
2700 P (0.4x1072) mol L} . _0693_0693 ..
1/2 = = = Ammin
=23x 1031 k 0.003
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54. (i) The reaction is of 1 order.

(it} For first order reaction

In[R] = =kt + In [R]g

comparing eqn. y = mx + ¢

we get a straight line with slope = =k and intercept equal :
ta In[R],.

(iii) Unit of rate constant for first order reaction

molL? : A=
* N
s (moll™)

- [i’i'lt;L
55. t- k [R]

= k=60 5_1*[R1=1'E[Rh

t=-—--—2’m3 log !-Eh

60 T,

10
2.303x1
———— =0.0384 d
0 secon

56. The given reaction is
SO,Clygy — E'Dz[;ﬂ"'mz{;ﬂ

Att=0 0.4 atm 0
Attimet (0.4 - x)atm ¥ atm

Total pressure at time ¢ will be
Pi=(04=-x)+x+x=04+x

x={(P;=04)

Pressure of SO,Cl, at time t will be
Pso,c, =04 -x=04- (P -04)=08-F
At time t= 100s, P,=0.7 atm

2303
log 10
50 B

= =

X atm

Pso,c1, = 0.8 - 0.7 = 0.1 atm
According to first order kinetic equation
k= Z.EDSI“ P50 1 tinitial)

t Pso,Cly (after reaction)
" 2.303 0.4 2 1

700 | (01) 1.3x107*s

i 2.303 [_A:h
57. t=—"—log
(i) . Al
Given k= 106 % 107 min-, 1Ak 100
[A] 85
_ 2.303 o8 100
1.06x10min~ ~ 85
t= 2&?: [2l0og10-log85] min
2303 2303x0.0706
t= 06[2)(1 -1.9294] = T

t = 153.39 min = 153.4 min

(i) Givenk = 1.06 x 10" min™, [lA!Q] 1;)50
2.303 1o 100
= 08
1.06x10 min~? = 15

= -2-3—@-[2 log10-log15] min

Get More Learning Materials Here : &

58. {1] Average rate of reaction :

(i) (1) P+ 2Q—— Products

i 59, (i)
Because reaction is an elementary reaction, hence order

. of reaction will be

¢ (i) Rate of reaction
i temperature.

¢ (iii) Rateofreactionisthe rate of change in concentration
¢ of areactant or product in unit time.

¢ (iv) (a) For afirst order reaction,

P tya=

| k=890 10" min™!
i Time required for 30% completion,

t 2303|°8( ]

t = 40 min

c=x

_2303 2303x0.8239

[2}-:1 11761] =
1.06

min = 1790 min

Ratio of change in
i concentration and time required for the change is

: average rate of reaction.

Ax _ Change in concentration
At Time required for the change

Fgw =

: (i) Two factors that affect rate of reaction are:

{ (a) Mature of reactants

: (b) Temperature

: (i) (1) The rate of reaction of a zero order reaction
is proportional to zero power of the concentration of
: reactants. Rate of reaction for zero order reaction is
: givenas:

cn Bo=tR

(2) Units of k for zero order reaction is mol L"1s™!

OR

Rate = k[P]V? [Q

Order of reaction = %+1-_-3

i (2) The reactions which are of second order but behave
like first order reactions are called pseudo first order
| reactions eg., during hydrolysis of ethyl acetate (ester)
. with water, the concentration of water does not alter
i much during the reaction. So, in the rate equation, the
| rate of change in water concentration (the reactant which
is in excess) can be taken as constant hence the reaction
¢ behaves as first order reaction.

| CHCOOC,H; + H,0 —— CH,COOH + C,H.OH
Rate = k’[CHgﬁﬂi‘JCzHE][Hzﬂ] the term [Hle] can be

taken as constant. Hence the rate equatlon becomes
Rate = k[CH3COOC2H5] where k = V[HzO]

1 3
Rate = k[A]2 [B]2
1+§.2
Z 2

increases with increase in

gea =77.78 min

2.303
8.90 107> min™!

log 1.43
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OR
(b) Given:
For first order reaction, k = 1 x 10™2 sec
.. 2303 [A]
k [A]
- 2.303 | ( 5 ) =
1x103sec™?

-1

2.303x0.2219

3] 1x103sec?

&0. (a) The rate of reaction is nearly doubled with

a rise in temperature by 10°C for a chemical reaction.

The temperature effect on the rate constant can be

represented quantitatively by Arrhenius equation :
k = Ae~Ea/RT

k — Rate constant

A — Arrhenius factor

R — Gas constant

T — Temperature

E, — Energy of activation for the reaction.

(b) Rate = klAJ%[B]2

where

As order of reaction is sum of powers of concentration
represented in rate law, order of the given reaction will :
: (b) Order of reaction : The sum of exponents (powers)
to which the molar concentration in the rate law equation
(c) Differences between order and molecularity of a are raised to express the observed rate of the reaction is
i called the order of reaction.

1 5
bedid =2 w55
272

reaction are the following :

=511.03 sec

Order of a reaction Molecularity of a reaction

expression, reaction.

2. |It can be zero or|lt is always a whole number.
even a fraction.

(d} Given that, reaction is of first order,
k=2x10"3 sec™?
[Alg=6glAl=2g

_ 2303, (Al _2.303 b
" Tk Bla), 'zm*ﬂ“'“‘[il
t=115x% 10" (0.4771)
t =0.5486 x 10” sec = 548.6 5
OR
Given that, t;,; = 6930 years
[A;=075 [Alp=1
b 0693 _  _ 0693
k 6930
k=1x10™ vear'
_ 2303, _[A;] _ 2303 1
t= =% o8 [A] 10 “[u.n]

t=2.303 x 10* x Ing[-l%f-] - 2.303 x 10° x 105[%}

Get More Learning Materials Here : &

c=x

i t=2.303 x 10* x (log 4 - log 3)
. t=2.303 x 10* x (0.6021 - 0.4771)
: t=02878x 10" = t=2878years

61. (a) t= 40 minutes

[Ag] =100 [A]=75
For first order reaction
k-2‘303 [A] 2303' (100)
t [A,] 40 75
2303, 4 2303
==20 ‘%83~ 40 (o84-log3)
2.303

————(06020 0.4771)
k= 7.19x 10~3 min™!

2,303 [ﬁ_]
paay
| K Al
- For 80% completion [Ag] = 100, [A] =20
| - 2303 4,10 . 2'303_3x0.6990
7.19x1073 20  7.19x10

t = 223.8 minute

If one of the reactant is taken in large excess then its
1. [it is the sum oflit is the number of reacting species concentration will not affect the rate of reaction, thus

powers of thel(atoms, fons or molecules) taking the bimolecular reaction will follows first order kinetics.

concentration|part in an elementary reaction Example,
of the reactants|which must collide simultaneously|
in the rate lawiin order to bring about a chemical ik ch”:z’:'n]
© 42. (a) (i) The reaction is of 1* order.

. (ii) For first order reaction

{ In[R] = =kt +In [R]y

! comparing eqn.y =mx + ¢

we get a straight line with slope = <k and intercept equal
| to In[R]g.

{iii} Unit of rate constant for first order reaction

CioH22044 +H0 L, CeH1204 + CgH130,

Exceszs Glucose Fructoze

molL™! 1 -
~ = v B
5 (mall™")

(b} For afirst order reaction,

2303, [Rl, _2303, 100
k= lo = o
t PR 25 Eip0-25
2.303
k= ——x0.125=0.0115
25
0693 0693
: luzﬂ—'k—ﬂuﬂusﬂﬁﬂ.zﬁmin
63. (i) For afirst order reaction, Ic:-__t la [ill‘]i
Whent=230s
| 223035000 2303, 13010 = 0023157

30 “B030 30
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Whent=60s
2303 {EIGEI] 2.303 E -
k= 0 log 015 %0 x0.6021=00231s

As the value of k is constant at different time intervals,
the reaction is first order wurt. ester when [H50] is

constant. Hence, it is pseudo first order reaction.

= Cs-Cy —H0.15-0.30)

i) Average rate =——2 "1

i ,—t; _ 60-30
0.15

=——— =5x10" mol 151
31'.] x Mo 5

64, [c):In the presence of a catalyst, the reaction follows
a path of lower activation energy.

&5, [d): Data is insufficient,
E, can't be predicted.

&6. No

67. (a) A catalyst lowers the activation energy (E;) by
providing an alternate pathway or reaction mechanism,

reaction.

48, The minimum extra energy which must be supplied . ;
i e b ccabda. i e the | 73. Since the rate of a reaction guadruples when

potential barrier Batween raactants and nrodutis temperature changes from 293 K to 313 K,

is called activation energy. It is denoted by E,.
Eﬂ il ET = ER‘

doubled with a rise in temperature by 102

The temperature effect on the rate constant can be : Putting the values,

represented quantitatively by Arrhenius equation ;
k = Ae~Eo/RT

where k—»Rate constant
A — Arrhenius factor
R — Gas constant

T — Temperature
E, — Energy of activation for the reaction.
With increase in temperature, activation energy decreases.

possessed by molecules,

F0. Ink,-%.,.mﬂ _!nl::rr:r_pt =lnA

Intercept =In A

E
5 = il
ope o

Ckey Points (1)

= Arrhenius equation: k= Ae~E/RT

1T—>

71. The rate of reaction is nearly doubled with a rise in

temperature by 10°C for a chemical reaction.

The temperature effect on the rate constant can be
75, (tys)q = 40 min, (tys)z = 20 min
i Ty=300K, T, =320K

represented guantitatively by Arrhenius equation ;
k= AE-E‘F’RT

Get More Learning Materials Here : &

© 72, k=(25%10%e
i Comparing it with the Arrhenius equation

| 0.6021 =

Ink " Slope =-E/R |

c=x

: where k— Rate constant

A — Arrhenius factor

R — Gas constant

T — Temperature

E,— Energy of activation for the reaction.

=25000
T

EE

k = Ae~ERT

: WegetA=25x10"¢1

! —0_ 25000

‘R

‘ or E,=25000Kx8.314] K mol™! = 207850 J mol™!
For a first order reaction, tyy, = @

0.693 -D 693

or, k= =231%10 min!

tL"I

Concept Applied @.

{b) Catalyst does not affect the Gibbs energy (AG) of a |

= Inorder to calculate E, in J/mol, the value of R should
be taken as 8.314 J/mol K.

ky = 4k,

| Ty=293Kand T,= 313K
According to Arrhenius equation
69. The rate constant of a chemical reaction is nearly

kp  E, [Tp-T
log=2 = a a1
ks z:ma.q[ h ]

log 2K E, [ (313-293)K J
ky 2.303x8.314JK 1mol!]| 293K x 313K
E, % 20K

2.303x8.314 ) K ' molr! x 293K x 313K

. En=ﬂ.6021x2.3133x2%314r2?3x313 Jmor

| =52863.3 ) mol™! = 52.86 kJ mol*?

Activation energy = Threshold energy — Average energy | 74. Given, T, =300 K, T, = 320 K

i ky -zxm‘?k =6x 1072 E,=?
Using Arrhemu:‘. equation.
k E s
| = —
B, T2303R|T, T,
- 6x1072 E, [ 1 1 ]
ior log — = -
2x10~2 2.303x8.314|300 320
| 5 e E, [ 320-300
OB = 303%8.314 | 320300
or E. = 04771x2303x8.314 %320 300
(&}
20

= 43848 ) mol™! = 43.85 kJ mol™?
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Eis?
For 1* order reaction,

0.693 04693

ky = m_ _Eﬁ__'ﬂ'ﬂi? min~!
_ 0693 0.693
“1;2}2 20

From Arrhenius equation,

k; E |T-T
ky 2.303R T;Tz
0.034 _ [
0017 2.3033-:3 3141 320x300

0.3010=%2.303x 8.314 % 320 300
E,=

20
E, = 27663.8 Jfmol = 27.6 kJ/mol
0.693

—— = _0.034min}

log

log

76. For first order reaction, ty,; =
ty;z =200 min=200x%60=12000s

0.693 1

- l =5
k_izt}DDs 58x107"'s

Also, for first order decomposition of H,0,, rate constant is

4
|ugk=14z-wx

Comparing the above equation with the Arrhenius

eguation,

3
logk=logA — —2—
OB =B~ 303 RT

or E, _1x10*
2303RT T

= E,=2303x8314x10x10"=

77. Given, T;=300K, T, =310K
ki=2%10"% ky=4x 10"% E,=?
Using Arrhenius equation,

1.91 x 10° J mol™?

|og£‘..2.. £ .1_'._..1_'.

k, 2303R|T, T,
S 1A 4x107% £, [1 1
82%107 ~ 2.303x8.314| 300 310

or log3= £ o] S20 K
2.303x8.314 | 320x300
0.301x2.303x8.314 x 310 x 300
or E,=

10
= 53598 J mol™! = 53.6 kJ mol™?

78. ky=0025"1 k,=0075™
Ty=500K, T, =700 K

Vo e L-h
ky 2.303R| T,

80. (a) t=——

c=x

n 07 _ [

002" zaﬂan ?ﬂﬂxEﬂﬂ
g _0:544x2.303x8.314x700x 500
R 200

= 1822807 Jmol 1= 18.23 kJ mol™

. lo ks _

k, 2 303& rir2

2.303xRxTyxT, ky
i E. = | i
" [ TE_TI ) DE kl
| p _2:303x8.314x650x700 2.39%x10°°
P 700450 2.15x107®
L o 2247 "5‘;5'3 X790 (108 2.39 - log 2.15) J mol™!

= 174237.7 (0.3783 - 0.3324) J mol™?
=174237.7 = 0.045% ] mol™! = 7997.51 ) mol™!

2303, IRl
kK CER]

k=40 .R—r"‘ R
= [ [ l _._...{ ]I:I

2303, [Rly ;
2309 o8 b 2908 o6
T e 60 &
16

t=£@%ﬁ = 0,044 second

(b} Following factors affect the rate of a chemical
i reaction:

: (I} Concentration of
© concentration of reactants, faster would be the rate of
reaction.

! Rate=kC",whereC=
(ii) Temperature : The rate of reaction increases with
. the temperature. For every 10°C rise in temperature rate
. of reaction increases 2 to 3 times.

‘ {¢) Two conditions for the collisions to be effective
. collisions are:

i (i) Colliding molecules must have energy greater than
i the threshold energy.

¢ (i) Colliding molecules must have proper orientations
i at the time of collision.

reactants : Higher  the

concentration of reactant.

CBSE Sample Questions _ [

- 1. (a):Rate = [A][B]° = Rate = [A]?

. If [A] is doubled then, Rate = [2A}% become 4[A}? = 4 Rate
¢ Rate of reaction increases 4 times,

. Note : Order of B is not mentioned in question. (1)

2. (a) The rate of reaction will increase. The catalyst
i decreases the activation energy of the reaction therefore
. the reaction becomes faster. (1)
i (b) The rate of reaction will decease. At lower
i temperatures, the kinetic energy of molecules decrease
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thereby, the collisions decrease resuiting in lowering of !

(s

rate of reaction.

3. (i) Rate=klA)BIY?
Order of reaction=1+1/2=15
Molecularity of the reaction cannot be 1.5.

reaction.
{ii) Units of k= mol™Y2 |12 g1

4.  Givenreaction,P+20 —- R+ 25

(1/2) :

Exp. | Initial P | Initial Q Initial Rate of
{mol/L) | (mol/L) |Formationof R (M min™Y)
1 0.10 0.10 30x10™
3 0.30 0.30 9.0x10™
3. 0.10 0.30 3.0x10™
4. 0.20 0.40 60x107

Let rate of this reaction, r = k{PT" [Q]"
x ¥

Then. n_ 3. ﬁxlﬂ:‘ k(0.10)*{0.10)
r; 3.0x10 k(0.10)"(0.30)F

= 1=[%T = y=0
Agsinfrom B 9.0x107* _ k{0.30)*(0.30)
f; 3.0x ol k(0.10)*(0.30)"

= 30=(3\=x=1
Hence, the expression for rate law is, r = k{P]

will be slower and will have a longer half life.

6. Half life, ty, = 0.693 /k
k = 0.693/69.3 = 1/100 = 0.01 min~!
For first order reaction,

2303, [R]
aS S & s
p= 2303, 100

0.01 20
t=2303log5
t = 160.9 min

7. For first order reaction, k = 0.693 /ty;
k = 0.693/5730 years !

(log 5 = 0.6990)

(2303 Co
Let Co = 1, G, = 3/10,

(1/2)

(1/2) |

()
5. [a):The rate constant for the decay of 0-15 is less
than that for O-19. Therefare, the rate of decay of 0-15 |

(1)

(1/2)

(1/2)

(1/2)

(172) |

(1/2) |

(1/2)

P 40 40 0
i 19K— zCa + _je

@ Co=

s Co__1 _10 2.303 10
T = t=2222x5730l0g—  (1/2)
| t=19042(1 - 0.4771) = 9957 years (1/2)

{8 (a) Ratio of neutrons to protons in carbon-14 is

- : i ® (1/2) 2.3: 1 which makes it unstable whereas in carbon-12 this
Since the reaction occurs in steps hence, it is a complex : ratio is 1: 1, ie, number of neutrons and protons are

equal. Hence C-12 nucleus is stable. (1)

(1) (b} The age of fossils can be estimated with the help

of C-14 decay. All living organisms have C-14 which
i continously decays. Once the organism dies, the decayed
¢ C-14 cannot be replaced back. (1)
i [c) Carbon-14 atoms decay to stable nitrogen atoms
¢ and potassium-40 atoms decay to stable calcium atoms.

P Ue. N ¢ G (1)

f decay

P decay
20gand C; =7

£= 10320 yeary, k= S22
142
{half-life given in passage)

(1/2)

= 0.693/6000

(1/2)

0517~ log2> = antilog 0517 - lng?

t t

f:—ﬂ = C,=6089g

' OR
Co 32gandC;=12¢g
=?k =0.693/6000

(1/2)

3289 = (1/2)

(half life given in passage)

t = (2.303/k) log (Co/Cy) (1/2)
t =2.303/(0.693/6000) log (32/12) (1/2)
2.303 x 6000
t= _065—- log 2.667 (1/2)
2.303x6000x0.4260
- = 8494,
t 0.693 8494.64 years (1/2)
(c) : k = Ae"EoRT
E
i I k=InA- -2
nEEInAT Br
i Comparingwithy =mx +¢
! E.
i =l =5
m BT Slope
Intercept=c=InA (1)
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c=x
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