Chemical Kinetics

@ (Chemical kinetics is the study of the rate and *  Chemical nature : Rate of reaction increases if the
mechanism of chemical reactions. number of bonds broken and formed in the reactions
= Rate of reaction is the change in concentration of are lesser in number.
reactants or products in unit time. « (Concentration of reactants :
For the reaction, A+B = C+®
2P +3Q —>4R +55 Rate of forward reagtion = k¢[A] [B]
_ —1d[P]_—1d[Q] _14[R]_14[S] Rate of backward
BRR=% & 8 @ 4 & &4 -
¢ reaction = &y [C] [D]
» Unit of rate of reaction: mol L' s~/ Rateotforward reaction Rate of forward
: : : reaction
Graph of [reactant] Increasing concentration decreases and that Eauilibrs
. i of products ; quilibrium
vs  time;  starts T of backward reaction ] S
i i are
at t+ = 0 at high ¢ increases with passage
concentration I Decreasing concentration of time. At equilibrium Rat'f' of backward
: = of reactants . 9 reaction
(e,  [reactant]p) 2 both the rates become ”
= meg —
;md [rea-::ffnt] S equal.
ShRTiean S R Hane ’ + Effect of concentration :
increases. - —
Graph of [product] vs time; starts at t =0at [product] ’ ”. ’ = -'- o 3: ‘;: > :, B :° J
=0 and [product] increases as time increases. . e e o o" % 0%
A—> DB Low cone. (both) High conc. (black) High conc. (both)
_ ~AlA]" > A[B] low conc. (grey)
Axverage rate ot reactiogly At At Low chance  Higher chance  Very high chance
of collision of collision of collision
— [AE] _[Al]: [BE] _{B“I] (slow reaction) (faster reaction) (much faster reaction)

‘ravg- o
fHh—4 o ' *  Effect of temperature : The rates of many reactions are
» Instantaneous rate: approximately doubled or tripled for every 10°C rise

in temperature.

The rate of change of

concentration of any
one of the reactant or
product over a very
small interval of time.
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* Presence of catalyst : A positive catalyst increases
the reaction rate by changing the path of reaction and

=20r3

Temperature coefficient (u) =

Concentration (mol/L)
— >

I A[A] d[A] lowering the activation energy.
foy = PR e e e
mst.
Al—D At dt Time s Reaction path
: Intercept alongordinate Ax — °~ | without catalyst
A — - = M
St Intercept along abscissa  Af T
Factors Affecting Rate of the Reaction A et a—
*  Nature of the reactants : c ad  plfs N\ Theeffectofa
. . i " Reaction :\ catalyst is to lower
Ph}’ﬁl‘:ﬂl state : ;E /| pathwith "\ the energy of activation
Gaseous state > Liquid state > Solid state g v ‘ y cotalyst
= He TR s et SR <) ot
decreasing rate of reaction > Reactants b
Energy of
* Size of reactants : As size of reactant decreases, rate reaction
of reaction increases. Rate of reaction is maximum in Products

powdered state because of increase in surface area. Collision number——3
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Rate Law and Rate Constant
* Law of mass action : The rate of reaction is directly

proportional to the product of the active mass (molar
concentration) of the reactants raised to powers equal
to the numbers of their respective molecules in the
stoichiometric equation describing the reaction.
A+B—>C+D

Rate == [A] [B]

Rate = k[A] [B] (law of mass action)

k = constant of proportionality = rate constant

[A] = [B] =1, rate of reaction =k

So, rate constant is the rate of the reaction when
concentration of each of the reactant is unity. So also
known as specific reaction rate.

=1
Unit of rate constant : —1‘ % time !
mol/litre

2 n—1

litre 1

=| — sec
mol

n = order of reaction.

Rate law expression : Consider a general reaction,
aA+ bB + cC —> product

Rate = k[A]7 [B]” [C]* (law of mass action)

Rate = k[A]7 [B]7[C]" (rate law expression)

p, g and r are determined experimentally and may or
may not be equal to a, b and c. p, g, r represents the
order of reaction with respect toa, b, c.

Order and Molecularity of a Reaction
<«  Order of a reaction : Sum of powers of concentration

terms involved in the rate law expression is called
order of reaction.
Consider a reaction :
A + m,yB + 1m13C —> product
Rate = k[A]H” IB].’HE IE]”EH
Order of reaction = my + nis + nty

*  Molecularity of a reaction : The minimum number of

reacting particles (molecules, atoms or ions) that come
together or collide in'a rate determining step to form
products is called the molecularity of a reaction.
4HBr + DE —F ZHEG 1 ZBI'E

HBr + O, —> HOOBr (R.D. step)

S0 molecularity of this reaction is two not five.

Molecularity Order

1. |Theoretical concept. | An experimentally
determined quantity.

2, |It cannot be =zero,|It can be equal to zero,
fractional,  infinite | positive, negative and
and imaginary. fractional.

3. |It cannot be greater |Greater than three is also
than three. possible.

Integrated Rate Equation
o  Zero order reaction :

A —> products.
Att=0 a 0

At time t q—X x
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Rate law, {E] = ky[A]” =k,
dt
dx = kutﬂ'

On integration, x = kgt + I (Integration constant)
Whent=0, x=0then [ =0.
x _mole/litre

Izkf or .Irc = — =
0 07 ¢ sec

Unit of ky = mol litre! sec™!
First order reaction :
A —> products

Attimet=0 a 0
At time ¢t (71— x) X
Rate = k[A]

dx

E=k1[ﬂ—x]l

dx
= | k,dt
I{E—I} .[ 1

~log.(a =x) =kt + I (Integer constant)

If t =0, x = 0 then T =—-log,(a).
So =loga = x) = kit — log,(a)

kit =log,

(a—x) ! a—x
Second order reaction:
A + A —> products

Att=0 a a 0
Attimet (a—-x) (a-—x) X
Rate = k;[A]? = ky(a — x)?
ax 2 = kzdf
(a-x)
On integration, k, = 1z
ta(a—x)
nth order: k, = : ! .
{” -1t (a— 1‘}“_1 {ﬂ}n—]

when n =2
Half-life period: Timeinwhichtheinitial concentration
becomes half is known as half-life period.
A —> product
Att=0 a 0
At time fug {ﬂ - ﬂ';"?.} ﬂf’2
Example : zero order reaction, k= x/t

al2 1
At half-life time, k; = 4z or b5 =—o
t Ekﬂ

1/2

First order reaction, k = 2'3::]'31 £

t °5 (a—x)

At half-life time,

2.303 a 2.303
log = log2

0.693 0.693
or byp=

b2 k
If 11 is the order of reaction, then

2”—1 - -l
(n—="1)k, (a)"

3=

k=

fnz =
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Rate Law, Integrated Rate Law, Half-life, Unit of Rate constant and Graph for the Reactions of Different order

Order| Rate Law Integrated Rate Law Half-life Unit of Rate constant Graph

0 |Rate=KAP  |[A],=—kt+[A] t = [Alo/2K mol L1 s [A] s £; slope =k
1 |Rate=k[A]' In[A];=-kt +1In [A], t1p =0.693/k 571 In[A] vs t; slope =—k
2 |Rate =k[A]? 1/[A], =kt + 1/[A], b =1/k [Ap L mol-! s 1/[A] vs t; slope =k
2 |Rate=k[A][B] | kt= 1 I o0L2] tip=1/k [A] L mol! s 1/[A] vs £; slope =k

[Aly=[Bl, [Al[B] |["172 ﬂ :

1 gl 1 st
n | Rate=k[A]" (= e |l =T |(mol L™ ) g™ (AT
[ ] [ D] Jl;*EH_-}‘}l"'ql]i_':l EIDPE:k

Experimental Determination of Order of Reaction
* Graph method : Used when only one reactant is

present.

zero order first order second order
tin by M2

a 1 1/a

zero order first order second order
£ gt :_-.!2
o = e

4] [A] 42
zero order first order ERONA OIGEY

1
[A] \ loglA] [A]

t t t

* Method of integration : Calculate the value of k at
different time interval with kinetic equations of various
order. The equation which gives the most constant
value for rate constant (k), is the one corresponding to
the order of reaction.

« Half-life method : General expression for half-life,

1

O —

E-
1/2 L
l'll n 'E

n = order of reaction.

[1‘”2]1 _ [ ”_2 ]H—]

(fi2) 1y

ay and a, = two different initial concentrations.
Taking log and rearrangement gives

logyo(t2 )1 —10g1(f1/2)s
log,a, —logya

*  Arrhenius equation :
k= AeFalRT

n=1+

E

i

2303 RT

where k = rate constant, A = pre-exponential factor
(frequency factor) E =activationenergy, T=temperature

ng E: EH TE_Tl
Wk 2303R| TT,

logygk=1log;p A~

*  Activation energy :

The minimum amount‘of energy required by reactant
molecules to participateinareactionis called activation
energy. |
Activation energy = threshold energy

—ayerage kinetic energy of reacting molecules
Threshold energy =initial potential energy of reactant
molecules +activation energy
A collision between high energy molecules overcomes
the forces of repulsion and brings the formation of an
unstable molecule cluster, called the activated complex
wihich either breaks into products or reactants again.

Activated Activated
complex complex
5 &
- —_
2 2
S i, PR T wd
Reactants AE LI
(A+B) __\ Reactants
Products (A + B)
(C + D)
Progress of the Progress of the
reaction — reaction —
(Exothermic) (Endothermic)

* Activation Energy {En} = E[acﬁvamd complex) — E{gmund state)

AH = activation energy of forward reaction
— activation energy of backward reaction

Collision Theory
o [Reactions occur when molecules collide with

appropriate orientation and sufficient energy, not
all molecular collisions result successfully in the
formation of product.

For any successful collision (one resulting in a
reaction) :

» particles must collide

» they must collide with sufficient energy > E,

» they need to have correct alignment (collision

geometry) (to keep E, as low as possible)
To account effective collision, another factor P, called
orientation factor or steric factor or probability factor
is introduced.

k=PZ.is e~Eg/RT
Thus, in collision theory, activation energy and proper
orientation of the molecules determine the criteria for
an effective collision and hence the rate of reaction.

Zap represents the collision frequency of reactant
A and B.




v EXAMDRILL ¢ (¢«

For A+ B — C+ D, AH =-20 k] mol~'. The activation
energy of the forward reaction is 85 kJ mol™.
The activation energy for backward reaction is .........
k] mol-l.

(a) 65 (b) 105 (c) 85  (d) 40

The half-life period of a radioactive element is
140 days. After 560 days, one gram of the element will
reduce to

(@) 1/2g (b) 1/4g (c) 1/8g (d) 1/l6g

For the following endothermic reaction at a particular
temperature, according to the equations,

2N 2(]5 — 4NG1 + D:

ZN{:}E L % Dz s NEDE,

the activation energies are E; and E, respectively,
then
(@) Ei>E, (b) Ei<kE

(c) E,=2E, (d) WEES =1
In the reaction, A + 2B —> C + 2D, the initial rate

—d[A]/dt at t =0 was found tobe 2.6 x 107> M s, What

is the value of —d[B]/dfat t=0in M s'?
(a) 2.6x1072 (b) 5.2x107%
(©) 1.0x10" (d) 6.5x1073

The reaction mechanism for the reaction P — R is as
follows:

Ky

P——=0 (fast),

Q+P—2 3R (slow)

The rate law for the main reaction (P — R) is
(@) Kk[P]Q] (b)" kiky[P]
(c) kiko[P)* (d) kik;[Q]

The rate of reaction

CI;CCHO + NO — €CHCI; + NO + CO is given by
equation, Rate = k[Cl;CCHO|[NO].

If concentration is expressed in mol/L, the units of k
are

(a) L*mol?s] (b) Mol L!s

(¢) Lmolls! (d) s

For a reaction A + B — products, it is found
experimentally that the rate of the reaction
=k[A]'* [B])?>®. The order of the reaction is

(a) -1 (b) +1 (c) 375 (d) 4

In the reaction,

CH;COCH ) —> CoHyge) + Hy gy + COy

the initial pressure is found to be 0.40 atm and after
10 min, it was 0.50 atm. The rate constant for first
order reaction is [log4 = 0.6021, log3.5 = 0.5441]

(a) 0.0133 min™! (b) 045!

(¢) 10s7! (d) 0.6 min™!

10.

11.

12,

13.

14.

Rate constant k of a reaction varies with temperature
according to the equation

ia

2.303RT

log k = constant -

When a graph is plotted for logk versus 1/T a straight
line with a slope -5632 is obtained. The energy of
activation for this reaction is

(a) 127.67 k] mol™! (b) 107.84 k] mol™!

(¢) 86 k] mol! (d) 246.8 k] mol™.

For a reaction, X —> Y the graph of the product

concentration (x) versus (f) came out to be a straight

line passing through the origin. Hence the graph of

—d[X]

dt:

(a) straight line with a negative slope and an
intercept on y-axis

(b)  straight line with a positive slope and an
intercept on y-axis

(¢) a straight line parallel to x-axis

(d) ahyperbola.

and time would be

For the first order decomposition reaction of N,Os,
it is observed that

d[N,Ox]

: 1
(@) NoOsi—=2NOyp) + 5 Oz i ————=kINO5]
. d[N,O
(i) 2N;Os(5) —> ANOyy + Opgy 5 - | ;t - KIN,Os]
Which of the following is true?
@ k=k (b) k=2t (¢ k:% () k=k2

In the accompanied diagram,

Er, Ep and Ey represent the

energy of the reactants, I

products and activated £ @r B
complex respectively, & — ¥

Which of the following is the ; v

activation energy for th e backward reaction?
(a) A (b) B (c) C (d) D
1

The rate constant of a reactionis 2.3 x 102 mol2 LZmin.
The order of reaction is

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

If a homogeneous catalytic s

reaction can take place =

through three alternative _.E

paths as depicted below, the %

catalytic efficiency of P, Q, R £

representing the relative case S
would be

(@) P>Q>R b) Q>P>R

(c) P>R>Q (d) R>Q>P
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15. Which one of the following equation is correct for the
reaction : Ny + 3Hz ) —> 2NHj(,)?

3d[H,] _ 2d[N,] (b) 2d[N,] _ 1d[H,]
dt dt dt 3 dt
2d[NH4 ] B —3(1[1—[2_] (d) 3d[NH4 | B —Zd[Hg_:!
dt dt dt dt

16. Forasecond order reaction in which both the reactants
have equal initial concentration, the time taken for

20% completion of reaction is 500 second. What will
be the time taken for 60% of the reaction?

(a) 500 sec (b) 1000 sec
(c) 3000 sec (d) 1500 sec

(a)

(c)

17. The reaction A + B — C + D + 40 k] has an activation
energy of 18 kJ. Then the activation energy for the
reactionC+D — A+ Bis

(a) 58K] (b) —-40K]
(c) -18K] d) 22k
18. The unit of rate constant for a zero order reaction is
(a) s (b) mol Ls
(¢) mol L7's™! (d) no unit.

19. In a reaction, 2A + B — A,B, the reactant B will
disappear at
(a) half the rate as A will decrease
(b) the same rate as A will decrease

(c) twice the rate as A will decrease
(d) half the rate as A,B will form.

20. Consider the reaction
2N205(0) = 4NOpg) + O
The rate law for this reaction is Rate = k[N,Os]

Which of the following statements is true regarding
the above reaction?

(a) Its order is 1 and meolecularity is 1.

(b) Its order is 1 and molecularity is 2.

(c) Its orderis 2 and molecularity is 2.

(d) Its order is 2 and molecularity is 1.

21. Which of the following given reaction(s) is/are of the
first order?

[. (CH3}3CDDC(CH3}3 — 2CH3CDCH3 aic CEH!:',

Cl COCH,;
[I.  CgHsN <

—> CICH,N <
M. S,0.7 42— 2SO+ 1,

COCH; H
IV. RCOOR’+NaOH —> RCOONa+ R'OH
(a) OnlylandIV (b) Onlyland I
() Onlyland Il (d) All of these.

22. For a pseudo first order reaction,

CH3CDD’C2H5 + HE{:} é CHE,CDOH + CzHr.,DH

the net rate is given by

23.

24,

25.

26,

27.

‘;_f =4x10™* Lmol™! s [(CH;COOC,H5:)]

-3 x 10* L mol™ s~ [CH;COOH][C,H5OH]

Then, the equilibrium constant of the reaction would
be

(a) 13x107"molL gl

(b) 1.3 x10®mol L!s7!

(¢) 1.33x10 mol L

(d) 1.33x10°®mol L

Consider following reactant sample

I. ImolofAand 1 molof Bina 1 L vessel

II. 2molofAand2melofBina?2l vessel

II. 0.2 mol of Aand 0.2 mel of B in a 0.1 L vessel

Which of the reactant sample reacts at the highest
rate?

(@) 1
(b)y M
(c) " HI

(d)  Allare at equal rate.

A substance undergoes first order decomposition.
The decomposition follows two parallel first order
reactions as:

If ky = 1.26 x 10 571, k; = 3.8 x 10 57!, then the
percentage distributions of B and C are respectively
(a) 80%, 20% (b) 76.83%, 23.17%

()  90%, 10% (d) 63.94%, 36.06%

|
tanf=| —— |. ' Q
an (2.3[}3] Hence, E, will be 1T

(a) 2.303 x2cal (b)
(c) -2cal

X
Graph between log k and %

is a straight line with OX = 5, 0

5

2.303
(d) none of these.

cal

How much faster would a reaction proceed at 25°C
than at 0°C if the activation energy is 65 k]J?

(a) 2times (b) 16 times

(¢) 11 times (d) 6 times

The first order rate constant for the decomposition of
ethyl iodide by the reaction

CoHslig) — GoHyy + Hlg
at 600 K is 1.60 x 107 s7!, Its energy of activation is
209 kJ/mol. Calculate the rate constant of the reaction
at 700 K.
(@) 6.36x102g! (by 6.24x103s"!
() 657x103s (d) 6.86x103s7!
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28.

2y

30.

31.

32.

33,

34.

35.

Which of the following statement(s) about the

Arrhenius equation is incorrect?

(a) IfE,=0,thenk=A

(b) When the activation energy of the reaction
is high, the rate becomes independent of
temperature.

(c) Two reactions having same value of E; do not
necessarily have same rate.

(d) A reaction with higher value of E, will have
smaller value of rate constant.

The half-life for radioactive decay of C is 5730 years.
An archaeological artifact containing wood had only
80% of the 'C found in a living tree. Estimate the age
of the sample.

(a) 2865 years (b)
(c) 1765 years (d)

1845 years
2345 years

If we doubled the mitial concentration, for a certain

first order chemical reaction, then t; for the reaction
(a) will increase by two times
(b) will decrease by four times

(c) remains same
(d) will decrease by half times.

For a first order reaction, X — Product, the initial
concentration of X is 0.1 M and after 40 minutés it
becomes 0.025 M. Calculate the rate of reaction at
reactant concentration of 0.01 M.

(a) 347x10*Mmin—! (b) 3.47 x103M min—'
() 1.735x10*M min!' (d) 1.735% 10‘4M min’

The temperature dependence of rate constant (k) of
a chemical reaction is written in terms of Arrhenius
equation, k = A.e R, Activation energy (E* ) of the
reaction can be calculated by plotting which of the
following

(a) kosT (b) kuws .
logT
(c) 1 kql (d) logk vs ]
ogk v = ogk v og T
Unit of rate constant 'k’ for the second order reaction
18
(a) mol?tL1s? (b) mol'Ls!
() mol L1s (d) molL's

In a first order reaction, R — O, if 'k’ is the rate
constant and initial concentration of the reactant R is

0.5 M, then the half-life is

log 2 log 2 In2 0.693
@ 50 W 9 T 9 sk

Which one of the following statements for the order

of a reaction is incorrect?

(a) Order can be determined only experimentally.

(b) Order is not influenced by stoichiometric
coefficient of the reactants.

36.

37.

38.

39.

40.

41.

42,
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(c) Order of a reaction is sum of power to the
concentration terms of reactants to express the
rate of reaction.

(d) Order of reaction is always whole number.

In most cases, for a rise of 10 K temperature the rate

constant is doubled. This is due to the reason that

(a) collision frequency increases by a factor of 2 to 3

(b) fraction of molecules possessing threshold
energy increases by a factor of 2 to 3

(c) activation energy is lowered by a factor of 2 to 3

(d) none of these.

A first order reaction has k= 1.5 x 1072 s at 100°C
and the reaction is" allowed to take place for
10 min. What is the final concentration of reactants it
initial concentration is 100 moles?

(@ 107 (b) 1> (¢) 10° (d) 102
O N _ 607
A schematic plot of In k,
versus inverse of
temperature  for a Keq
reaction is shown in the
figure. The reaction must 2.0 >
be 1.5%x10-3 2.0x107°
(a) exothermic e
(b) endothermic

(c) one with negligible enthalpy change
(d) highly spontaneous at ordinary temperature.

The rate law for the reaction
xA +yB —mP + nQ is Rate = k [A][B]".
What 1s the total order of the reaction?

(@) (+y) (b) (m+n)
© (c+d) (d) xly

For a first order reaction, the time taken to reduce the
initial concentration by a factor of 1/4 is 20 minutes.
The time required to reduce initial concentration by a
factor of 1/16 1s

(a) 20 min (b) 10 min
(c) 80 min (d) 40 min
A catalyst

(a) increases the average kinetic energy of the
reacting molecules

(b) decreases the activation energy

(c) increases the frequency of collision of the
reacting species

(d) alters the reaction mechanism

For the reaction, 2N.O5 — 4NQO, + O, rate of reaction

is
1d d

@ 5= [N;O5] (b)  2-[N,O5]
1 d d

(c) el ] (d) 47 [NO; ]
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43. From the above figure, the activation energy for the 45,
reverse reaction would be

Match the plots given in List I with their slopes given
in List II and select the correct answer using the code
given below the lists :

4 s W s List I List II
5 e er: P.  Cust(abscissa) for I. Unity
- zero order reaction
By Q. log Cost (abscissa) 2. Zero
5 for first order reaction
(' Reactants Fr Reaction coordinate AdC
Products R. {_E] vs C for zero 3. —k
(a) —120kJ mol™ order reaction
(b) +152 k] mol™! dC I
() +120 k] mol™ S, In (——) osInCfoby, 4. —
(d) +1760 k] mol™! dt 2.303
first order reaction
44, The rate of a chemical reaction doubles for every 10° P 0 R S
rise in temperature. If the temperature is increased by (a) 4 3 2 1
60°C, the rate of reaction increases by about (b) 3 4 2 1
(a) 20 times (b) 32 times (c) 2 4 93 1
(c) 64 times (d) 128 times. (d) 3 . 4 1

DAY 18 OMR SHEET

Time : 45 min

INSTRUCTIONS

e Use HB pencil only and darken each circle completely.

e |[f you wish to change your answer, eraseé the already darkened circle completely and then darken the
appropriate circle. Correct marking @ () © @

Wrong marking &) &) (P ()
4 A

e Mark only one choice for each guestion as indicated.

(2) Number of questions correct

1. OOOW® 1009 19E®OW 28000Q@ 33OO®OO
2. @QOO. T ME®OY® 2000®0@ 202000@® BVEOOO
3. @POE@  v12000Q@ 21.00QW 30.EEOW@ VEO®OOO
4. @®OW® BO®ROO® 20000 3NEO®OWO 40RO
5. @@ MEOPOYO BVEOOOO 32E®OO® AEOEOO
6. @@ 1BEEOO 4EO®OOW 3BVE®OO® LLEO®OO
@@ 18EOOO BEO®OO® H#E®OO® BVEOOO
8 @®O@® 17TE®O@® 26®OQ BVEOKOO® HEOOO
32 @O BEOO® 27.0EPOCY BEOOO 45-@@@@/
(1) Number of questions attempted (3) Marks scored

For every correct answer award yourself 4 marks. For every incorrect answer deduct 1 mark.




HINTS & SOLUTIONS {({

1. (b) : For a reaction, E, for forward reaction = E, for
backward reaction + AH

85 = Err{bac‘k} -20 or E:;[backj =105 1(] I'ﬂDl_]
2. (d) :Since T=nxty,

560=nx140; n=4

R [_[f%:[%)”:(%r:m

Given, [A]p=1

=

A1 al
1 16 [A] 6%
3. (a)
4, (b) : _dlA]__ 1d[B]
dt 2 df
Therefore, - Mr?x-_ﬂ;ﬂ

=2x26%x102Ms1=52x102 Mg
5. (c) : As the slowest step is the rate determining step
hence from eqn (ii)
rate = k[ P][O] wu(111)

From eqn (i) k, = [[g]] or [Q]=Kk[F]

Substituting the value in egn (iii) we get,
rate = k; k5[ P]*

. dx _ 2
6. (c) : 7 k (Conc.)

or k=Conc. 1 = Congttime ' =L mol™! 57!
Time (Conc.)’
7. (d) : The order of reaction is the sum of the powers

to which molar concentration terms are raised in the rate
law.

Therefore, order=15+25=4

8. (a) : CH3C{]DCH3{“ —> CEE-LHH] o+ Hgm] + CD{:&‘]
0.4 0 0 0
0.4-x X -y X

Jd—-x+x+x+x=0.50
= 2x=0.10 = =005

2.303 0.4 2303, 040

k="""log lo
10 ©04-005 10 5035

2.303

Bl
10 8

_2.308 « 0.0580 = 0.1335

40 2.303
35 10

[1.6021 —1.5441]

= 0.01335 min ™~

=0.01335x60=0.8 s

9. (b) : logk = constant— —4—
og k = constan SROSRT
E,
= —5632 W
 2.303R . 23008
E,=5632 x 2.303 x 8.314 = 107836
E, = 107.836 k] mol-.

1/T
10. (c)

. '
for a zero order reaction, ==k

: If product concentration is x,

Thus graph of x vs t would be a straight line passing
through origin.
So, the given informationis for zero order reaction.

For a zero order reaction, rate of the reaction is constant.
Thus plot of rate uws time,

ie, _LL[X] vs time will be a straight line parallel to x-axis.
f

11. «(b)

1
N5 > 2NOyg + 5 Osgg
d[N,Ox]

+ For the reaction :

Rate = - = k[N, Os]

For the reaction,
2N2Os(y—>4NOyg) + Osgq)
1 d[N,Ox]

Rate = 5 & k'[N,Og]

Since —@ does not depend upon the way the
chemical reaéti{}n is formulated, therefore

—%ﬂ= 2kIN,O5]=k[N,Oz] = k=2k

12. (a) : For backward reaction, activation energy is

the energy difference between product and activated
complex.

: -1
13. (d) : Unit of rate constant = (htrTJ sec
mo

If n =3, then mol= litre” sec™

From the umits, it i1s clear that the order of reaction is
three.

14. (d) : The catalytic efficiency of a catalyst is measured
in terms of the decrease in activation energy of the reaction.
A catalyst is more efficient if it decreases the E,, to a
larger extent. Thus correct order for catalytic efficiency is
R>Q>P.

15. (d) : Ngrg} + 31—11{3}—} ENH?-{SJ
d[N,] _ —1d[H,] 1 d[NH,]
At 3 dt 2 df

S AINH;] ) d[H,]
dt df
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16. (c) : We know that k=1}c ¢
t  ala—x)
[For a second order reaction]
Since x=£=ﬂ.2, a=1
100
B 1x0.2 1
500> 1(1-0.2) 50O x4

i i, 99

1(1-0.6)

1 1 06

=—-x— = t=3000 seconds
500x4 t 0.4 .

17. (a) : The minimum amount of energy absorbed by the
reactants so that their energy becomes equal to threshold
energy 1s called activation energy.

For the products activation energy will be

40 + 18 =58 kJ.
Ey
Energy of
activation for Energy of
reactants Eg activation for
products
Energ}fT

—> Progress of reaction
18. (c¢) : Unit of rate constant for a zero order reaction,

k {: mol L 7

19. (a) : 2A+B—> A,B
The rate of disappearance of reactant will be
_1d[A] _ d[B] _d[A,B]

2 di di dt

20. (b) : From the rate law, order of the reaction is 1. From

the reaction equation, molecularity is 2.

21. (b) 22 (d)

23. (c) : Vessel III has highest concentration of reactants,
s Sie. 2 mol/L (for each reactant)

V01
Higher the concentration of reactants higher is the rate of
reaction,

24. (b) : For parallel path reaction,
ka?EngE: kl + kz =126 %10 *+38% 10> =164 x 105"

kk  1.26x107°

Fractional yield of B= =(.7683
Kiverage 1.64x107°
Percentage distribution of b = 76.83%
-5
Fractional yield of C= L7 2 DERI =0.2317

kmrerage 1.64 x 1{}—4

Percentage distribution of C=23.17%

E
85 Tel = Nosbe gm0
} # logk=logd =~
F 1
Sl iv
OPe =S 303R 2303 B ven)

E,=-2.303 R x slope =R =-2 cal

26. (c) : 2.303log Ky :Eﬂ FE_TI];
kk R| TT,

.

2.303log—% =
k; 8.314 | 298x1273

k, 65%10° _298-2F’3}

kE
—2=11.04=11
kl

27. (a) : We know that

E i | 1
log k, —logky = i e — —
52 551 'rEB[]BR_{i] TJ

log k, —log (1.60 x 1075
> 209000] mol L™ [ 1 1 }
2:303x8.314] mol L'K™'| 600 K 700 K
log ks =—4.796 + 2.599 = - 2.197
ks =6.36 x 103 57!

28. (b)
29. (b) : The rate constant is given by
0.693 0.693 9
k= = ———years
ty, D730
[t is known that
2303, [R]ly, 2.303x5730, 100
= 0g = log
k [R] 0.693 80

= 1845 years (approx.)

0.693

30. (c) : t;; for first order reaction = e

Therefore, t;,, is independent of initial concentration.

31. (a) : k:wlag 6.1
40 0.025

Rate =k x 0.01 = 0.03466 % 0.01 =3.47 x 10~* M min"!

= k=0.03466 min!

32. (c) : On plotting log k vs 1/T, we get a straight line,

the slope indicates the value of activation energy.

concentration % 1

33. (b):k=

time (concentration)”

For second order, n=2

~1
kszlL o 1

s (mol L1)?

=mol? L s
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34. (¢) : For a first order reaction,

2.303 a
k= T]“Em b o when t=t,,, x=0.5/2
2.303 0.5
B ; log,g 05
e 5-(0.5/2)
2.303 In2
by =—F—logp2=—o

k

35. (d) : Order of a reaction is not always whole number.
It can be zero, or fractional also.

36. (b) : Fora10Krise in temperature, collision frequency
increases merely by 1 to 2% but the number of effective
collisions increases by 100 to 200%.

A
37. (d) : k=2+3n3 iﬂg—[ U]:::- 1.5%x107 = 2.303 log 100
f [A] 10x60 7 [A]
100 1.5x1072 %600
lﬂg — =4
[A] 2.303
up =10%; [A}=£q=m‘1 mol !
[A] 104
ky AH|1 1
38. (a) : In—== [ = }
ke RIE T
6_AH 3 3
n 2= [Lﬁxm 2 %10 }

AH comes to be negative. Hence the reaction is exothermic.

39. (¢) : Order is the sum of the powers to which the
concentration terms are raised in the rate Equaﬁgn___

40, (@:1—" 5172 — 2 517408 2 5 1/16
1/16 is 4 half-lives and 1/4 is 2 half-lives. It is given

177

that the time taken for 2 half-lives is 20 minutes.
So the time taken for half-lives will be 40 minutes.

41. (¢) : A catalyst lowers the activation energy barrier
and this alters the reaction mechanism.
42, (¢) : For 2N;05 — 4NO, + O,
14d[N,05] _14INO,] _d[o)
2 dt 4 dt dt

43. (d) : Given AH =-120 k] mol™; E, = 1640 k] mol™
For reverse reaction, AH =+ 120 k] mol™!

Activation energy for the reverse reaction
=1640 + 120 = + 1760 k] mol™!

44. (c) :Since for every 10%rise in temperature, rate
increases by two times therefore for 60° rise in temperature
the rate will increase 29= 64 times.

45. (b) : (P)Fora zero order reaction, C = Cy— kt

For a first ord tion, log C= logC, — X1
(Q) For a first order reaction , log gLy 3303
(R} Fora zero order reaction, " k (constant)
| dC
Hence, slope of ———vs C=0
dt
_ , dC
(S) For a first order reaction, ) = kC,
dC
ln(m—)=lnk+lnc+
dt
dC . ;
Hence, plot of In T against In C will have slope

equal to unity.

O3V



