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SYLLABUS : Chemical Kinetics-ll : Collision Theory, Energy of Activation and Arrhenius Equation,
Photochemical Reactions

Max. Marks : 120

Time : 60 min.

GENERAL INSTRUCTIONS
The Daily Practice Problem Sheet contains 30 MCQ's. For each question only one option is correct. Darken the correct circle/

bubble in the Response Grid provided on each page.

You have to evaluate your Response Grids youiself with the help of solution booklet.

Each correct answer will get you 4 marks and 1 markshall be deduced for each incorrect answer. No mark will be given/ deducted
if no bubble is filled. Keep a timer in front of you and stop immediately at the end of 60 min.

The sheet follows a particular syllabus. Do not attempt the sheet before you have completed your preparation for that syllabus.
Refer syllabus sheet in the starting of the book for the syllabus of all the DPP sheets.

After completing the sheet check your answers with the solution booklet and complete the Result Grid. Finally spend time to
analyse your performance and revise the ar@as which emerge out as weak in your evaluation.

DIRECTIONS (Q.1-Q.21) : There are 21 multiple choice
questions. Each question has 4 choices (a), (b), (c) and (d),
out of which ONLY ONE choice is correct.

Q.l

Q.2

RESPONSE GRID

A large incrcase in the ratc of a reaction [ar a risc in

lemperaturc is duc (o

(a) Thc decrcasc in the number of collisions

(b) The increase in the number of activated molecules

(c) Theshortening of the mean free path

(d) Thc lowcring ol the activation encrgy

According 1o the collision thcory of chemical rcactions

(a) A chemical rcaction occurs with cvery molccular
collision

(b) Rate is directly proportional to the number of

collisions pcr sccond

Reactions in thc gas phasc arc always of zero order

Reaction rates are of the order of molecular speeds

(€)
@

Q.3 According to Arrhcnius theory, the activation energy is

Q4

The cnergy it should possess so that it can cnter into
an effective collision
The cnergy which the molecule should posscss in
order to undergo reaction
The energy it has 1o acquirce [urther so that it can enicr
into effective collision
The energygained by the molecules on colliding with
another molecule
Which one of the following does not represent Arrhenius
equation
(a) k=AeTRT

E
(b) log, k = log, A—R—T
(c) log, gk =log,A—

(d) k=AER

(a)
(b)
©
(d)
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Q.5 Encrgy of activation of a rcactant is reduccd by

(a) Increased temperature (b) Reduced temperature

(c) Reduced pressure (d) Increased pressure
Aclivation cnergy is

(a) Thcamount of encrgy to be added to the actual energy
of a moleculc so that the threshold cnergy is reached.
The amount of energy the molecule must contain so
that it reacts

the energy which a molccule should have in order 1o
cnler into an eflective collision

(d) The average kinetic energy of the molecule

The activation energy for a simplechemicalreactionA — B
isE, in forward dircction. Theactivation encrgy for reverse
rcaction

(a) Isalways double ofEa

(b) Isncgative of E,

(c) Is always Icss than E_

(d) Canbclessthan ormorcthan E,

A graph ploticd between log K vs 1/T for calculating
activation energy is shown by

f f

log K log K
(a) )

Q.6

(b)

(c)

Q.7

Q.8

I/T

f f

IongL

V) i o vr —»
The rate constant is doubled when teniperature increases
from 27°C to37°C. Activation energy in kI is
(a) 34 (b) 54 (c) 100 (d) 50
Q.10 The activation cnergyo [a rcaction is zero. the ratc constant
of this rcaction
(a) Incrcascs with incrcasc of tcmpcerature
(b) Decreases with an increase of temperature
(c) Decreases with decrease of temperature
(d) Is independent of temperature

log K

(c) (d)

Q.9
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Q.11 An cndothermic reaction with high activation cnergy for
the forwar d reaction is given by the diagram.
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Reaction coordinate Reaction coordinate

Q.12 Temperature dependent cquation can be writlen as
(a) Ink={nA—-cF/K  (b) Ink =(n A +cF/RY
() mk=(nA-eRTVEa (d) All of these
Q.13 Thereactionrateat a given temperature becones slower, then
(a) The free energy of activation is higher
(b) The free enecrgy of activation is lower
(¢) The entropy changcs

(d) Thc concentration of the rcaclants remains constant
Q.14 Arrhenius equation is

dIn . dinK [
' =AE /R1 = AE /R1?
@ =7 ®) —
dInK W dInK .
(c) :,- =-AE /RT  (d) df} = _AE /RT
U

Q.15IE and I arc the activation energics of [orward and reverse
reactions and the reaction is known to be exothermic, then
(@) E>F,

(b) E<E,

(©) E=E,

(d) No relation can be given between E[and E, as data are
not sufficicnt '

Q.16 For a reaction, activation energy (E ) =0 andrateconstant
(K) = 3.2 x 10%7! at 300 K. What is the value of the rate
constant at 310 K
(a) 3.2 % 10-1%!
(c) 6.4 x 10'%"!

(b) 3.2 x 10° st
(d) 6.4 x 10%s7!
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Q.17 The number of collisions depend upon
(a) Pressure (b) Concentration
(c) Temperature (d) All thc abovc

Q.18 The photolysis of water gives the substance
(a) OH + H" (b) H, + OH"
(c) H,+0, (d) H,0 + H,0,

Q.19 The law of photochemical equivalence was given by
(a) Drapper (b) Grauths
(c) Einstein (d) Lambert

Q.201If 'T" is the intensity of absorbed light and C is the
concentration of AB for the photlochemical process AB +
hv — AB*, thc ratc of formation AB* is dirccily
proportional to
(a) C (b) 1
(c) I? (d) C.1

Q.21A rise in temperature increases the velocity of a reaction.
It is because it results in
(a) An increascd number of molccular collisions
(b) An increased momentmn of collinding molecules
(c) An increase in the aclivation energy
(d) A decrease in the activation energy

DIRECTIONS (Q.22-Q.24) : In the following questions,
more than onc of the answers given are correct. Sclect
the correct answers and mark it according to the following
codes:
Codes :
(a) 1,2and3 are correct (b) 1 and 2 are correct
(¢) 2 and 4 arc corrcct (d) 1 and 3 are correct
Q.22 Which of the following statements arc tru¢ according 10
collision theory of reaction rates?
(1) Collision of molecules is a precondition for any
rcaction (o occur
(2) Molccules which have acquired the encrgy of
activation can collide cffcctivcly
(3) Only activated collisions rcsult in the formation of the
products
(4) All collisions result in the formation of the products

Q.23Regarding the equation k= Ac Ea/RT iy chemical
kinctics, which onc of thc following statcment arc
incorrect?

(1) k is equilibrium constant
(2) A is absorption factor
{3) R is Rydbcrg's constant
(4) E, is cnergy of activation

Q.24Activation energy of a chemical reaction cannot be

determined by-

(I) Changing concentration of rectants

(2) Evaluating ratc constant at standard tempcraturc

(3) Evaluating vclocitics of rcaction at two dillcrent
temperatures.

(4) Evaluating raic constant at two diff crent icmperatures

DIRECTIONS (Q.25-Q.27) : Read the passage given below

and answer the questions that follows :

In casc of phatochcmical rcactions the Einstein’s law of
cquivalence is strictly applicable to primary proccsses, whereas
for secondary processes some complicating factors step in.
Hence, a simple one to one relationship between number of
quanta absorbed and the number of ncw molcculces is scldom
rcalized. The over all result of photochemical reaction is thus
expressed in terms of Quantum efficiency or Quantum yield (o).

molcs of substance rcacted in a given lime

moles of photons absorbedin thesame time

Q.25A certain system absorbed 3.0 x 10'®quanta of light per
sccond. On irradiations far 10 minutes, 0.002 molcs of
the rcactants was found to have rcacted. The quantum
efficiency of the process is
(a) 50 (b) 60 (c) 67

Q.26Acctlonc dccomposcs as [ollows :

(d 76

(CH;),C@—""5C,Hg+CO
If ¢ for above reaction at 330 nm is 0.3 and a sample of
acetone absorbs monochromatic radiations at 330 nm at
the rate of 7.2 x 10~* Js~L, the rate of formation of CO is
(a) 6 x 10-"nol/s (b) 6 % 10-°mol/s
(c) 6 x 10" *mol/s (d) 6 x 10~ 7 mol/s
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Q.27If the quantumm yicld is 0.6, then rate of formation of C,H
(inol/s) is
(a 1x10% (b) 1.2x107°
(c) 1.8x107? (d 12 x 107°

DIRECTIONS (Q. 28-Q.30) : Each of these questions
contains two statements: Statement-1 (Assertion) and
Statement-2 (Reason). Each of these questions has four
alternative choices, only one of which is the correct
answer. You have to select the correct choice.

(a)

Statement-1 is True, Statement-2 is True; Statement-2 is a
correct explanation for Statement-1.

Statement-1 is Truc, Statcrment-2 is Truc; Statcment-2 is
NOT a corrcct cxplanation for Statement-1.

®
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(¢) Statcment -1 is Falsc, Statement-2 is Truc.

(d) Statement -1 is True, Statement-2 is False.

Q.28 Statement-1: Ifthe activation energy of a reaction is zero,
temperature will have no effect on the rate constant.
Statement-2: Lowcr the activation cnergy, faster is the
reaction.

Q.29Statement-1: The photochemical reaction H, + Cl,
— 2HC! has much higher quantum efficiency than H, +
Br, — 2HBr i
Statement-2: Both thc rcactions procecd by similar
mechanism.

Q.30 Statement-1: Vision is not a photochemical reaction
Statement-2: Halogcnation ofalkences is a photochemical
rcaction.

RESPONSE GRID
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The increase in collision frequencybrings in an increase
in cffective collisions and (hus raic of reaction increases.
The incrcascin collision frequency brings mn an incrcasc
in effective collisions and thus rate of reaction
increases.

The dclinition ol activation encrgy.

All other arc dillerent forms of Arrhenius cquation.
Energy of activation reduced by increasing temperature.
The definition of activation energy.

In cxothermic and endothermic reactions E, for
reversible reaction will be more than or less than E|
respectively.

1
A graph plotied bciween log k VST [or calculating

activation energy is shown as from Arrhenius equation

!

E, log K

logk = -
i log A 2303RT

log\&—_E" L-L & o)
Bk, z3om|T 10 Fk =2

NP -

08 2= 5 303x8.314/ 300 310
3005310

E,=3010%2303x 8314 | — —

=53598.59 Jmol ! =54kJ
When E, =0, therate of reaction becomes independent
of tempcraturc. (B, = Encrgy of activation).
Endothcermic rcactions arc thosc which involve
absorption ol hcat. High activation ¢ncrgy mcans
polential encrgy of product mustbemuch greater than
rcaclants.
Arrhenius suggested an equation which describes rate
constant (K) as a function of temperature.
K = Ae Ea/RT
Ink = In A — cFa/RT
Slower reaction rate indicates higher energy of
activation.

When E, = 0 rate constant is independent of
temper-ature.

Number of collision dcpend upon pressure,
concentration and (empcraturc.

HZO ‘_Photolysis_)oH_ +HY

Stark — Einstein was given the law of photochemical
equivalence.
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20.

in photochemical reaction the rate of formation of
product is directly proportional 1o thc intensity ol
absorbed light.

Energy of activation decreases, rate of reaction will
increases.

All collisions are not cflcctive and docs not result in
the formation of the products

E, represents energy of activation in Arhenius equation.

ke E; |T-T
k, 2303R| T,T,
Amount of cnergy absorbed in 10 min
=3.0x10'¢x60x 10 Quanta

Number of moleculcsreacied in 10 min

= 0.002x6.023x 1023

_ 0002x6.023x10% .

3.0%10'6 x60%10
Energy ol 1 mole ofphoton = Nhv

_ 6.02x10% x6.6x10"* x3x10°
3301077

Energy absorbed/sec= 7.2 x 10 73 J(given)

.. Number of moles of photons absorbed/sec

3. =3.6x103%].

_7.2x167°
3.6x10°

molc of substancc reactedin giventime

=2x10"%

Now;, ¢

~ molesof photonsabsorbedin same time
_ moleof substancercacted

- 2x107%

or moles of substance reactcd/scc
=0.3x2x108=0.6x108=6x10"?

.. Moles o CO formed/sec

=moles of (CH,),CO reacting/sec =6 x 10 9
Proceeding as in question 26

0.3

. molesofsubstancereacted
. 06=

2x10°®
Moles of acetone reacted
=0.6x2x10-8=1.2x108=12*10"*
Molcs of C,H; formed/scc
=molcs of acclone rcacling/scc
Moles of C,H formed/sec=12 x 109
According to Arrhenius equation , K = Ae Ea/Rt When
B K=Al
H,+ (0, — 2HClhasmuch highcr quantum cflicicncy
than H, + Br, — 2HBr. The first step of secondary
process of H, + Cl, — 2HCl is exothermic while the
same for H, + Br, — 2HBr is cndothermic.
Vision is a fast photochcmical reaction in which the
compound, retinal, present in the eye undergoes
isomerisation by absorbing a photon of light. Halo-
genation of alkanes is a photochemical reaction.
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