CHEMISTRY




CHEMICAL KINETICS

CHEMICAL KINETICS

Rate of Chemical Reaction

ast Reactions’

~ (Precipitation of
silver chloride by
mixing of
aqueous ;
solutions of silver
nitrate and
sodium chloride

g /Slow Reactions
7 (Rusting of iron

in the presence
of air and
moisture)

(Inversion of

cane sugar and

hydrolysis of
starch)

reaction is the change in concentration of a reactant ‘
productin unit time.

te of reaction can also be expressed as

e Alternativel

The rate of decrease in concentration of any one of the
reactants.
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The rate of increase in concentration of any one of the
products.

e Consider a hypothetical reaction, assuming that the volume o tem remains
constant.

R—>P Q

One mole of the reactant R produces one mole of the tP.
e |[f [R]1 and [P]1 are the concentrations of R and P attime ta and [R]z. and [P]: are their
concentrations at time t;, then
At=t, - t,

A[R]=[R], -
AP~ [Pl

The square brackets in the above expregsions are used to express molar concentration.

" g
Degrgase"in concentration of R A[R]
At

Rate of disappearance of R=

(1)

i?‘ e taken

~~—

e A[R] is a negative quantity begause the concentration of reactants is decreasing.
i i AlP
A S——— ‘ In%ease in concentration of P_, (P] @)
Time taken At
e Equationsland2r ;t the average rate of a reaction, rav.

This average rate d s on the change in concentration of reactants or products and
the timetak r hange to occur.

a
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AU (-t
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Al
: ' d[R]

foo = ——— =-slOpe
N dt
dt

Lot ot Time ——»

Concentration of products ———»
[e] (2]

Concentration of reactants —»
(2]

Instantaneous and average rate of a reaction

Units of Rate of a Reaction b
e From Equations 1 and 2, it is clear that th@f rate are concentration time™.
e For example, if concentration is in molw me is in seconds, then the units are

mol L™1s71.

e In gaseous reactions, the concentgati
pressures;hence, the units of the %

Instantaneous Rate of Reaction &
MOride (CaHoCl).

,0 - C,H,OH + HCI

of/gases is expressed in terms of their partial

ation will be atm s™.

e Consider the hydrolysis of b

e We have provided entrations over different intervals of time below.

Concentration (0! L™") | 0.100 0.0905 0.0820 0.0741 0.0671 0.0549 0.0439 0.0210 0.017

e \We can determine the difference in concentration over different intervals of time, and
thus, wedetermine the average rate by dividing A[R] by At.

e |t can be seen from experimental data that the average rate falls from 1.90 x 10™ mol
LYs?t0 0.4 x 10 mol L™%s™,

e However, the average rate cannot be used to predict the rate of reaction at a
particular instant as itwould be constant for the time interval for which it is calculated.
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e Hence, to express the rate at a particular moment of time, we determine the
instantaneous rate.

e Itis obtained when we consider the average rate at the smallest time interval, say dt,
when At approaches zero.
Therefore, for an infinitesimally small dt, the instantaneous rate is n by

_ AR|_dF]

rinst - dt dt Q

0.12 : |i
0.1

0.08
=3 \\
—0.06
O, st 0e s fate
T sec
2‘ 0.04

0.02 N

3 ~
6

00 800 1000
ime (s)—>

Instantaneous rateyof hydrolysis of butyl chloride(C4HyCl)

versus time t orconcentr P versus time t and calculating the slope of the curve,

we can determine the imstantaneous rate of reaction.

e Hence, in this exat 600 s is calculated by plotting the graph of the
concentration of b oride as against time t.

e Atangentis drawn curve at a point t =600 s.

ﬁ@: - [0.(0810605—-4?(;8? 7} molL?=5.12x10"°molL’s™

At t=250s r.=1.22x10“*molL!s™

inst

t=350s fe =1.0x10* molL's™

inst

t=450s r _,=6.4x10"molL"'s™

e By drawing the tangent at ti either of the curves for the concentration of R
fion'

e Now consider a reaction,
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Hg(l) + Cl, (9) — HgCl, (s)

Here, the stoichiometric coefficients of the reactants and prod the same;
hence, the rate of reaction is given as
AlH A|Cl |
Rate of reaction=— [;Mg] =— [C] 2

At

Therefore, we can say that from the above equation t& rate of disappearance of
any of the reactants is the same as the rate of appearance of the products.
e Consider another reaction,

2HI(g) - H,(9)

In this reaction, two moles of HI decompos oduce one mole each of H2 and 12,
i.e. the stoichiometric coefficients of rea r products are not equal to one;
hence, we need to divide the rate of di rance of any of the reactants or the rate

of appearance of products by their re%ve stoichiometric coefficients.

Because the rate of consumption@lwice the rate of formation of H2 or 12, to
make them equal, the term A[HK ed by 2.

The rate of this reaction is giye

Rate Qction=_l A[HI] _ A[Hz] _ A[Iz]

2 At At At

e For agaseous reac@wstant temperature, concentration is directly proportional
to the partial presma species, and hence, the rate can be expressed as the rate of

change in partial of the reactant or the product.

a
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Instantaneous Rate of Reaction

Concentration of
reactants
(pressure in case
of gases)
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Important Questions

Multiple Choice questions-

Question 1.A first order reaction has a half life period of 34.65 seconds. te constant is
(a) 2x 102t

(b) 4 x 10%s? Q

(c)20s? Q

(d)2x10*s? ®

Question 2.If a graph is plotted between In k and 1 the fitst order reaction, the slope of
the straight line so obtained is given by

(b) _3-38?% = N
€ Ex t

(@) 2.303

Question 3.The unit of rate constan ro order reaction is

(a) mol Ls? Q
(b) s
(c) Lmol?st §

(d) L2mol?s?
Question 4.A cata ﬁes the speed of a chemical reaction by

(a) increasing activation energy
(b) decreasing activation energy
(c) increasing reactant energy

(d) decreasing threshold energy
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Question 5.The units of the rate constant for the second order reaction are:
(a) mol? litre s*
(b) mol litre? st
(e} s*

(d) mol litre* s

(a) Zero
(b) 3
(c)2

(d)1

(a) triple %
(b) increase by a factor of 4 Q

(c) double Q

(d) remain unchanged

Question 8. If the tions are expressed in mol litre-1 and time in s, then the units of

rate constant for !K der reactions are

(a) mol litret s
(b) mol™? litre s*
(e) s

(d) mol? litre? st
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Question 9.The half life of a first order reaction having rate constant 200 s-* is

(a) 3.465x 1072 s
(b) 3.465 x 10 5 &
(c) 1.150 x 102S Q

(d) 1.150 x 103 S Q

Question 10.The rate of a reaction is 1.209 x 10L2 mol2s%, Th&order of the reaction is:

(a) zero

(b) first b
(c) second 0
(d) third N

Very Short Question: b
Question 1. Is rate of reaction always %nt?

Question 2. Can order of reaction b @- Give example.

Question 3. What do you under %- rate law expression?

Question 4. Is it possibleine or predict the rate law theoretically by merely looking

at the equation?

Question 5. Define the e@emical kinetics?
Question 6. Define —, reaction and the factors affecting the rate of reaction.
Question 7. Whatmge rate of a reaction? How is it determined?

Question 8. What are the units of rate of a reaction?

Question 9. Identify the reaction order for from each of the following rate constant —

(a) k=2.3x10"L mol -1s~

(b) k=3.1x107s"
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Question 10. Consider the equation 2x0 (4 )+ 2H. (o) = N.(g)+2H.0(2)

The rate law for this equation is first order with respect to H

to NO. write the rate law for this reaction.

2and second order with respect

Short Questions:

Question 1 For the reaction A+B ~ C+D, the rate of ré3ction’ doubles when the
concentration of A doubles, provided the concentration of B is censtant. To what order does
A enter into the rate expression?

Question 2. . A chemical reaction 2A < 4B+C in gas phase accurs in a closed vessel. The
concentration of B is found to be increased by 51077081 in 10 second. Calculate (i) the
rate of appearance of B (ii) the rate of disappearanéedf A?

Question 3. For the following reactions, write the‘sate/of reaction expression in terms of
reactants and products?

4NH.(g)+50,(g)4—>NO(g)+6H,0(g)
ll) 2N,05;2NO, + O,

2N,0;(g)— 2NO P4 0,(g)

Question 4. . The reaction ~ was studied and the following data were

collected:
Sno | .| Rate of disappearance
(mol/L/min) ‘»'\ :05] $ud [\'.O.] .
of 1'25!(mol/L/min
L. 1.13310°2 34x10~*
2. Q84 <107 25%10°*
3. 9.62x107 18x107°
Determine
i) The order

ii) The rate law.
iii) Rate constant for the reaction.

Question 5. The following experimental data was collected for the reaction:

ClL(g)+2NO(g)—>2NOCl(g)

Trial| ntial conc. of <2 7°!' L) [NO mol/L| Initial Rate,(mol/L/s)
! 0.10 0.010 1.2x10~
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2 0.10 0.030 10.8x107
3 0.20 0.030 21.6x10~

Construct the rate equation for the reaction.
Question 6. Draw a graph for

a) Concentration of reactant against time for a__zeme order reaction.
b) Log Ro/ R against time for a first order reaction.

Question 7. In general it is observed that the rate of a themical reaction doubles with

every 10rise in temperature. If this generalization holds for ‘@sfeaction in the temperature
range295K to 305K, what would be theA activation energy for this

reaction? (R =8.314Jk" mol ™)

Question 8. The rate constant for a reaction is &5%107s7 gt 50°C gnd 4.5x10 573t 100°C
Calculate the value of activation energy for the redetion & =8314 JK™mol™"?

Question 9. Plot a graph showing variation of‘\potential energy with reaction. coordinate?

Question 10. The conversion of molecules®™ to Y follows second order kinetics. If
concentration of X is increased to three tithes heW will it affect the rate of formation of Y?

Long Questions:

Question 1. .The rate of the chemficalyeaction doubles for an increase of 10 K in absolute

temperature from 298 K. Calc:ulateEE

2 il e -1
Question 2. The activation emergy*for the reaction 2HLg = Hy + L) 209 5k Tmol™ 54 5gq

Calculate the fraction of ‘mplecules of reactants having energy equal to or greater than
activation energy?

Question 3. From the gate“e€xpression for the following reactions, determine their order of
reaction and the dimensions of the rate constants.

) 3NO(®) - N;0(g) Rat® =it [ NOJ’
H,0,(aq) +3I" (aq) +H™ - 2H,0() +I; Rate =k [H,0,][I" |

(i) -
(iif) CH:CHO®  CH. () + CO() Rate =k [CH.CHOJ "
(iv) C,H,Cl(g) - C,H,(g) + HCI(g) Rate = k[ C,H.Cl]

Question 4. The decomposition of NH: 5 platinum surface is zero order reaction. What are
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the rates of production of Niand Hajf k=25x10"mol"Ls™

Question 5. The decomposition of dimethyl ether leads to the formation of CH*,HI and CO

and the reaction rate is given by Rate = ML O, ", The rate of f@agtion is followed by

increase in pressure in a closed vessel, so the rate can also be eXpressed in terms of the

:/{
. . . Rate=k(Puyo0n, | . .
partial pressure of dimethyl ether, i.e., ae 0 the goressure is measured in bar

and time in minutes, then what are the units of rate and rate constants?
Assertion and Reason Questions:

1. In these questions, a statement of assertion followed bya 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 regsen isWrong statement.
d) Assertion is wrong statement butgeasen iscorrect statement.

Assertion: The rate ofreaction is always negative.
Reason: Minus sign used in expressing theyrate shows that concentration of product is decreasing.

2. In these questions, a statement.of assertion followed by a statement of reason is given. Choose
the correct answer out of the following choices.

a) Assertion and reas@m,both"are correct statements and reason is correct explanation for
assertion.

b) Assertion and reas@n/both are correct statements but reason is not correct explanation for
assertionss.

c) Assertion is corgect statement but reason is wrong statement.
d) Assertion is'wrong statement but reason is correct statement.

Assertion: Kinetics explains the reaction mechanism.

Reason: Kinetics explains the formation of products.

Case Study Questions:
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1. 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 temperature. The units of the rate constant depend upen/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 10 mel24? 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 offermation of Cis:

a) The same as rate of consumptionséf Al

b) The same as the rate of consymption of B.
c) Twice the rate of consumption,of A.

d) 3232 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) 18times
d) 8times

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

a) 2
b) O
c) 1
d) 1.5
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(v) 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:

a) 1
b) 2
c) 3
d) 4 Q

2. The progress of the reaction, A = nB with time is represer@ the following figure:

IIIIIB

S
U

Conc./mol lit™!
o
(O8]

)
[o—
- -Il_

The following questions are mu @ hoice questions. Choose the most appropriate answer:

(i) What is the value
S
b) 2
c) 3
d) 4 N
(ii) Find the value of the equilibrium constant.

a) 0.6M
b) 1.2M
c) 0.3M
d) 2.4M

(iii) The initial rate of conversion of A will be:
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a) 0.1 mol L'hr?
b) 0.2 mol Lthr?
c) 0.4 mol Lthr?
d) 0.8 mol L'*hr?

d[B _ d[A
(iv) For the reaction, ifc[l—t] =2 X 1074, value of% will be:

a) 2x10* Q
b) 10*
c) 4x10* < )

d) 0.5x10*
o
(v) Which factor has no effect on rate of reaction?

a) Temperature.

b) Nature of reactant.
c) Concentration of reactant. 0
d) Molecularity.

S% key
MCQ Answer:
1. Answer: (a)2x10?s™ &

2. Answer:. _E,
: R

@

Answer: (a) mol L's?

O
4. Answer: (b) decreaswion energy
5. Answer: (a) mol™ Iitv@
6. Answer: (d) IQ
Answer: (b)@e by a factor of 4
8. Answer: (c)s?

9. Answer: (b)3.465x 103 s

10. Answer: (d) third

Very Short Answers:
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1. No. rate of a reaction is not always constant. It depends on many factors such as concentration,
temperature etc.

2. Yes, decomposition of ammonia on a hot platinum surface is a zero order of reaction at high
pressure

3. Answer: The rate law is the expression in which rate ispgiven/ in terms of molar
concentration of reactants with each term raised to some powes, which may or may not be
same as the stoichiometric coefficient of the reacting species}in a balanced chemical
equation.

4. Answer: No, the rate law cannot be predicted by merely looking at the balanced chemical
equation but must be determined experimentally.

5. Answer: The branch of chemistry that deals with%the study‘\of reaction rates and their mechanis
is called chemical Kinetics.

6. Answer: Rate of reaction can be defined as the change in concentration of a reactant or produc
per unit time. Factors affecting the rate of rgaction are temperature, concentration of reactant:
and catalyst.

7. Answer: Average rate of a reaction fisdefified/as the change in concentration of a reactant
or a product per unit time. It can be detemmined by dividing the change in concentration of
reactant or product by the time integval

For the reaction: A 2 B Rav

—A[4] _ A[3]
= At - At

8. The units of rate of a f@agtion dre Mol L'S™ In gaseous reaction the unit of rate of reaction is
atom .

9. a) Since the units ofssate constant are Lmol™'s™ The reactions is of second order.
b) Since the units*efrate constant ares ', The reaction is of first order

10.The rate law will be ™ = K[NOJ'[H,]

Short Answers:
1. Answer

.A+B 7 C+D
Rare[.i]:
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Rate=1whenA=1———-1)
Rate =2 when A = 2———-2)
Dividing equation 2) by 1)

(2)°

-
Za E

1 T

21 (2)°

=1

The reaction is first order reaction.

2. Answer:
2A 7 4B o
_1dl4] _14d[8] _d[C]
2 adt 4 at t
i) Rate of disappearance of B
5x107 0
g

3. Answer:

In terms of products

130 1 3[A0)
At 4 At 6 At

[1 ) In terms of reactant]n terms of product
s[¥0)] Ao
R : -

_—

R1 = A i At
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4. Answer:

Let the order of reaction be x Q

Rate= K[N,0;]
i) From the data -
34x107 =(1.13x 107"

_____ 1) @
25x107 =(0.84x 107 ll —2)
18x107° =(»0.62><10"_l .
Dividing 1) by 2)
34x10~* =(1.13x10*):
25x10  10.84x10™ N
(136) =" %
X=1
The order of reaction with respect % pect to 2%is 1
ii) Rate law © =% [%:0,] &

Rate mol L/min

iii) Rate constant, x107 molL = 0.29 min™

5. Answer : Q
Order of NO is 2 Q

Rate law = K [cr, ]

6. Answer S

K = . slope

- / sope = K2 30 3
\ /
\'\

TH® ————

concentrabon of R
LogRalRi

Time

(a) {b)
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[
W
(@]
W
X

o0
W
—
NN
X

%
-~
2
6“
Q

[

9. Answer: C§

Activated complex

il

10.Answer :

The reaction ¥ = Y follows second order kinetics.
Therefore, the rate equation for this reaction will be:
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Rate = k[X] (1)

Let X =a mol™ then equation (1) can be written as:
Rate, =k(a),

= ka; )

If the concentration of X is increased to three times, then X =

Now, the rate equation will be:
Rate = k(3a),
=9(ka’)

Hence, the rate of formation will increase by 9 times.

Long Answers: ®
1. Answer:
Itis given that T1 = 298 K
Therefore, 12 =(298+10K 0
=308 K
We also know that the rate of the reacti les when temperature is increased
by 10°,
Therefore, let us take the value of k that of k2= 2K

Also, R =8:314JK " mol™
Now, substltutmg these values 1|&quation:

k, E, |T, 'I"

log—=

k, 2303R 303R | TT. |
We get:

2k
log— =

k ’303xS 314' ’98

10
log2=
><8 314' "9

230
2.303x8.314 x298x g2

l'ﬂ
u. u.
DJ [ ]
o
o
|
~J
(‘0
—
B
[]
._.

2. Answer:

In the given case:

E, =209.5kImol™ = 209500J mol ™
T=581K

R =8314JK ' mol™

Now, the fraction of molecules of reactants having energy equal to or greater than
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activation energy is given as:

X=e—&RT

[ *=-E./RT

logx =— 3
2.303RT
209500 J mol ™’
logx = ——— o
2.303%x8.314JK "mol X581=18.8323 Q

Now, x = Anti log (18.8323)

1.471x107%
®

3. Answer: b
(i) Given rate = k[NO]
Therefore, order of the reaction = 2 0

Rate

" Top Xo

Dimension of [I\O]

_ mol Lls? %
- (mol L™)*

_mol P

" mol’L™? &

=L mol s %

(ii) Given rate = k[H,0,] 1]

Therefore, order of the rea =2
K= Rate
Dimension of [H:OJ%
mol L%~

" (@olL N(mol L)
=Lmol s N

k[CH.CHOJ'’

(iii) Given rate =

| w

Therefore, order of reaction =
k= Rate

Dimension of [CH;CHOJ:
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_mol
(mol L-I);:
_mol L%
molrL-%
1 L
=LImol s
(iv) Given rate = k[C.H,Cl] Q
Therefore, order of the reaction = 1 < )
. Rate
) ) ~[C.H. e
Dimension of [C-H’CI]
_mol L
mol L™
= S-l

4, Answer:

The decomposition of NH: 5y platinum sur is represented by the following equation.
2NH,,, —> N, +3H,,

1d[NH,] dN,] 1 %
Rate=_:———'—=-—'—=:
Therefore, 2 d 3
However, it is given that the reactior& ro order.

_1dNH,]_dIN,]_1dH,] _

.,
2 dt dt 3 dt
e

Therefore, = 2-3*1

Therefore, the rate uction of Nlis
d[c‘:il 2.5x10“'m01®

And, the ra@cﬁon of Hais

d[H, ] X 2.&101 L™

= S
dt
=7.5%10"molL's™!

(V8]

5. Answer:

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

barmin ™

Unit of rate =

Rate = k(Pey o0, )
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Rate

k=———m—
(}p:HEOCHS ‘)A

bar min ™

k)=

Therefore, unit of rate constants bar
= bar-’{ min~
Assertion and Reason Answers:

1. (d) Assertion is wrong statement but reason is correct stat@Q

Explanation:

o
The rate reaction is never negative. Minus sign used in expressing the rate only shows that the

concentration of the reactant is decreasing.
2. (a) Assertion and reason both are correct stateme d reason is correct explanation for
assertion. 0

Explanation:
I%N the atoms rearrange themselves in the reactar

Kinetics deals with the reaction mechan

molecules in a single step or a number of inally leading to the product molecules.
Case Study Answers: &
1. Answer :
i. (c) 3
Explanation: Q
Unit of k for nth order'= 1)1-n gecl
Here, k = 3 x 1073 m<@sec'1
Unit of k = mol ec ¥= (mol L'1) 2 sec’!

Comparing (i) aNe get,1-n=-2=n=3

ii. (c) twice the rate of consumption of A.

Explanation:

e — JAL _ _1dB] _ 14O
—odt T 3 dt T 2 dt
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1.

(c) 18 times

Explanation:

Given, R; = k[A]? [B]
According to question, Ry = k[3A]2 [2B]

=k x 9 [A]? x 2[B] = 18 x k[A]? [B] = 18 R,

L fe) 1

Explanation:

o
Rate (r) = k[HT]"
When pH = 3 ; [H*] = 1073 b
and when pH = 1 ; [H*] = 107! 0
n _ k(10°)" _ (103 e
R TIT D s 0 = 10 T2 = 100r;)

= (1072)! = (107 %) =n

N
S

)

N
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V. (b) 2

Explanation:

Let the order of reaction w.r.t. Ais x and w.r.t. Bis y.
1 = KAP(BP ,S’

rp = k[2A]*[B]Y
r3 = k[A]*[2B)Y

r, _ K[AJ[BY °
n — K2AFBJ Al)
oo (1) (- (1) 2

n _ KAF[B] 0

Similarly, = k[A]x [2B]y
1 ; :

-1=(3)'~ ()" - QR

Hence the rate law equation is

Rate = k[A]? [B]? = Order of rfm = 2

2. Answer :

N
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i. (b) 2
Explanation:

Accarding to the figure,

in the given time of 4 hours { 1 to 5) concentration of A falls from 0.5 ]
while in the same time concentration of B increases from 0.2 to 0.6 M.
Decrease in concentration of A in 4 hours Q
=0.5-0.3 = 0.2M Q

Increase in concentration of B in 4 hours

L
=0.6-0.2 =0.4M
Thus, increase in concentraticn of B in a given time i

twice the decrease in concentration of A. Thus, n =
i. (b) 1.2M

Explanation:

_ B er _ %
K= = GF —12M
iii. (@) 0.1 mol L™2hr 1

Explanation:

Fromt=0tot = 1hr,

For A, dx = 0.6 - 05—01mc®
.. Initial rate of conver@ 3’:

=01molL'_O Ll

iv. (b) 1074 Q
Explanation: N

A=2B

d[Al 1 dB]

=T ax
=%><2><10-4=10—4
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v. (d) Molecularity.

Explanation:

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.



