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Chapter No:05 "TOPIC WISE NOTES" Lecturer-MAM AYESHA

"Reaction Kinetics" AMJAD

Reaction:- "Process Reaction Kinetics:- "Study of
In which reactants are rate of chemical g
transformed into reactant,mechanism andyfactor
products™ that influence them™

— old bonds are broken & new are Rate of reaction: AN\

formed.
—energy Is absorbed(endothermic) Definition:- *The rate of
or release (exothermic process) reactiontelis us how

| quickly the reactants are
R (left) = P (right) usedwp orhow quickly

GET ADMISSION IN OUR ONLINE INSTITUTE prOdUCt are formecl over

C + 0: = CO: ime" |
{ Reactant = Product ) % Mathematically:-

Rate of Reaction = Change in
Concentration / Time Taken for
Change

" Tl =product/time

Example:-

Exothermic Reaction —
Combustion Process

_ Qd H: + O. = H.0
{ Reactant — Product }
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Example:

2 mol dm™ of H20 is formed in 5 seconds. Calculate the rate of reaction.

Solution:-

A A N

Info Box:

Rate=0.4 mol dm-3 s—1 Final answer! [ ] = Concentration
(mel dm )

Rate=2 mol dm-3/ 5 sec

GET ADMISSION IN OUR ONLINE INSTITUTE

TYPES OF RATE REACTION

I Contact WhatsApp Number: 492 331 5014353

Average Rate Instantaneoug’Rale

"total change in "change in concentration at
concentration specific montent in time"”
over total time" D

Mathematically:- . “\Mathematically:-
Average_Rate B IOtf'I K Instantaneous Rate = Change
Change in

in Concentration at a Specific
Point / Time Interval
Instantaneous Rate = AC / At

AverageRat—e = AC / At (at a specific point)

Concentration./ Total
Time (in seconds)

Rpk

R€adtion A — B
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Rate of Reaction with Respect to Reactant:-

Rate of Reaction = -d[A] / dt

GET ADMISSION IN OUR ONLINE INSTITUTE
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— Rate of reactant decreases with passage of

time

Rate of Reaction with Respect to Product:-

Rate of Reaction = d[B] /

dt

[A] = concentration of
reactant A (mol dm—)
d[A] = small change In
concentration of A

dt = small change in time
(seconds)

Negative sign (-) = n
indicates concenftratien of
reactant decreases with

time

[B] #Concentration of
product B (mol dm)
d[B]'=.small change in

eoncentration of B
dt'=small change in time

(seconds)

Positive sign (+) =
iIndicates concentration of
product increases with
time



https://v3.camscanner.com/user/download

Graph:-

Reactant A — B =
O
. ol
— As reaction happens, ©
amount of reactant 'E'
decreases D
&
-
— Amount of product @
Increases o
— Concentration is __%
measured in mol dm™ time constant
GET ADMISSION IN OUR ONLINE INSTITUTE N rate
Contact WhatsApp Number; 452 331 5014353 |nf0 Box:
Interpreting Data:- A + B = C4«product) { Steep slope =

Curved line = Rise or

fall quick
concnokdm°) RiQeIeRY ¢

=000

Time (min)

15
21
23

29
29
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Instantaneous Rate at 40 min:-

Rate of Reaction= AC / At 20 p
=24/40 min x 60 sec 20 -
_ =24 mol dm—=/ 2400 s
Final Answer: 15
Rate = 0.01 moldm= s 10 \ W
Average Rate of Reaction:- 5 i \ W
Average Rate = AC / At —
Average Rate = 24 mol dm=3/ 0 #1020 30 40 50 60
2400 s ¥

. “time
Final Answer:

Average Rate = 0.01 mol dm™

5—1 GET ADMISSIONIN OUR ONLINE INSTITUTE
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Collision Theory:- "Statessthat a.chemical reaction occurs when

reacting particles collide with each other with sufficient energy

(equal to or greater than activation energy) and proper orientation
to break old bond andform new one."

H -} H 1y S H ) ;
o _) =
Cl -§C ; T | l
3 5 E Cl CI
_old bopdssare Cl------- ClI
breken and
newdoonds

are formed
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Explination:-

1.Bond:- In a chemical reaction bonds between atom are .
broken and new bonds are formed.

2.Energy:- The colliding particle must have enough efeigy te
overcome replusive forces between the outer electmen.

3.0rientation:- Particle must be aligned in a waythat allows
necessary atoms to come together and formm'new*bond.

Activation Energy:- (Ea) "Smallest amountjof energy needed tc
start reaction.”

GET ADMISSIONIN OUR ONLINE INSTITUTE

Condition:-

Contact WhatsApp Number: +92 331 5014353

—|f Energy of Reactant 2£E.—\Reéaction will proceed

— |f Energy of Reactant <\Ea~— Reaction will not
occur

—High Activation Energy — Slower rate of reaction
—Low Activation‘Energy — Higher rate of reaction

Catalyst And their role in reaction:-

Defipition:="*A catalyst is a substance that speed up a
chemicalreaction without being consumed”

Role Of Catalyst:-

1 Decrease and provide Ea needed to start the reaction.
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2 Product will be produced In less time.

3 Rate of reaction increases.
4 Change pathway for reaction.

S Catalyst is never consumed.

GET ADMISSIONIN OUR ONLINE INSTITUTE

Graph:- o
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. E, h y
. .
— without
ol
S catalyst — —
= E, with
=
= catalyst
Redctants
T — RhisiicannBoiiindil v v
.
AH
4 Prnth‘l':-;

Physical Paxameters Affect Rate of Reaction:-

1 Change Ingmass:- During a chemical reaction.mass of

reactantis.decreases because they are converted to
product (mass of product increases).
fFA+B=C+D
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2 Formation of Gas:-

Open Container Closed Container
If gas product f closed systemgas”
the total mass escape the pressure
reaction minute Increase bhutwolumn/mas
decrease. reamain same.

AV

GET ADMISSION IN OUR ONLINE INSTITUTE

3 Tempe_}at_u_ré < Rate of Reaction:-

Contact WhatsApp Number: +92 331 5014353

dempesature increases—Particles move faster—More
eollisions—Rate of reaction increases
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Factors affecting_rate of reaction:-

The rate of reaction is the speed at which reactants
change into products. It depends on how frequently and
effectively particles collide. The main factors are: © =,

4l 1. Concentration 4> o« Rate of Reaction § N\

ACtive Mass = PrOdUCt increase GET ADMISSIONIN OUR ONLINE INSTITUTE
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Higher concentration — more particles in th&*same #olume.
More particles — more frequent collisions — faster reaction.
Active Mass: The greater the amount of reactant available, the more

products formed. Q

7 Example: Strong HCI reactsffaster with Mg ribbon compared to dilute
HCI.

2 Surface Area &£ ﬁaie _(;f Reaction:-

Zn (s) + 2HCI({aq) - ZnCI2 (aq) + H2 (q)

PowderZinc react HCL more faster than pieces of Zn because
It has more surface area.

Greater surface area — more particles exposed for collisions.
More exposed surface — faster reaction.
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Powdered zinc reacts with HCI more rapidly

Powdered
zinc

3 Temperature «< Rate of Reactiof:-

Temperature less — Rate of Reaction less

Temperatue high — Rate‘of Reaction high

GET ADMISSIGN IN OUR ONLINEINSTITUTE
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Higher tempetature — particles move faster —
more frequentcollisions.

More particles gain energy 2Activation Energy —
more successful collisions.

Lower temperature — slower movement, fewer
suceessful collisions — slower reaction.

Cr Example: Food spolls quickly in heat but slowly
In a refrigerator.
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1

less energy
T1

more energy

Enzymes:- "Biocatalyst that speed up chemical reaction”.

Protein %(protease) Amino acids__ ¢ /
Lipid —(lipase) Fatty acids + Glycerol

GET ADMISSIONIN OUR ONLINE INSTITUTE

G% ROIe Of Enzymes Contact WhatsApp Number: +92 331 5014353

Biological catalysts — EnzymeswSpeed up chemical
reactions in living organisms.

Lower activation energy»=» They reduce the energy needed
to start areaction./ 5  *

Specificity — Rachfenzyme works only on a particular
substrate (like a sleck/and key”).

Reusabilitys—Enzymes are not consumed in the reaction;
they can be used repeatedly.

Controhofumetabolism — They regulate processes such as
digestion, respiration, photosynthesis, and DNA replication.
Workwnder mild conditions — Unlike industrial catalysts,
enzymes work efficiently at normal body temperature and pH.

2> Example:
Protease breaks down proteins into amino acids.
Lipase breaks down lipids into fatty acids + glycerol.
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CONCEPT ASSESMENT EXERCISE 5.1

1. How does the presence of a catalyst alter the activation
energy of a reaction?

Answer: A catalyst lowers the activation energygof afeaction
by providing an alternative pathway, allowing the reaction to
proceed faster without being consumed.

2. \Why iIs It important for a catalyst to remain unehanged at the

" '? GET ADMISSION IN OUR ONLINE INSTITUTE
end of a reaction” »

Contact WhatsApp Number: 492 331 5014353

Answer: It is important for a catalyst to remain unchanged at
the end of a reaction because, it allows the catalyst to be
reused many times withodt lesing effectiveness. This makes
reactions faster, more efficient, and cost-effective, since
only a small amount ofcatalyst is needed to process a large
quantity of reactants. ¢

CONCEPPASSESMENT EXERCISE 5.2

1. In what way_does Increasing the surface area of a solid
reactant affect the rate of reaction?
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Answer:\When the surface area of a solid reactant increases,
the rate of reaction increases.

4 Reason:
A larger surface area exposes more particles of the¢selidito
the reactant (e.g., acid or gas). \Vad
This results in more frequent collisions between reacting
particles.

According to the collision theory, more colllsu)ns per unit time
lead to a faster reaction rate. ~N

> Example: Powdered zinc reacts with HCI faster than zinc
granules because the powder has'a greatér surface area.

2. How does temperature affect'the sate of reaction?

Answer:An increase In temperature increases the rate of
reaction because partigléssgain more kinetic energy, move

faster, and collide jmore frequently with enough energy to
overcome the activation energy barrier.

GET ADMISSION IN OUR ONLINE INSTITUTE
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P Higheptemperature = faster reaction.
7 Lowel temperature = slower reaction.

3sBiseuss the effect of changing the concentration of a reactant
opsthe rate of reaction.
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Answer:When the concentration of a reactant increases, the
rate of reaction also increases.

L 4Reason:
Higher concentration means more particles per unit\velume.

This increases the chances of frequent and effective'collisions
between reactant par‘[ic|es_ GET ADMISSION IN OUR ONLINE INSTITUTE

-
AS a reSUIt, the reaCtlon happens faSter Contact WhatsApp Number: +92 331 5014353

7 Example: Concentrated HCI reacts with=zinc more quickl
than dilute HCI| because there are more’H.ions available to
collide with Zn. X J

Short Question ;QnS\_Ner

1 Draw energy diagram that rep—resent_thé activation energy and show the
effect of a catalyst. &

Answer: &

Activation energy
without catalyst

A

Activation energy

Energy with catalyst

Reactants

Products

Progress of reaction
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2. What is the effect of a catalyst on the following?
a) the rate of reaction
b) the energy of activation d

Answer: Effect of a catalyst:

a) On the rate of reaction:
A catalyst increases the rate of reaction by providing@n alternative

reaction pathway. GET ADMISSION IN OUR ONLINE INSTITUTE <

BADLOBY MAK
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b) On the activation energy:
A catalyst lowers the activation energy requiredfor the reaction, so

particles can react more easily.

3. Why powdered Zn reacts faster with aciddhan a piece of Zn? give reason.

Answer: Powdered Zn reacts fasterwith acid than a piece of Zn

because:
Powdered zinc has a larger.surface area exposed to the acid.

This allows more frequent cellisions between zinc atoms and acid

particles.
According to the colliston theory, more collisions per unit time —faster

reaction rate.

4. Listphysicalparameters which are affected by reaction rates.

ApsweriPhysical parameters affected by reaction rates:

Temperature — Higher temperature increases the rate of reaction.
Concentration of reactants — Higher concentration leads to faster

reactions.
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Surface area of reactants — Greater surface area increases rate.
Pressure (for gases) — Higher pressure speeds up reactions involving
gases.

Catalyst — Presence of a catalyst increases the rate by lowering activation
energy.

5. Explain collision theory and its key components?

GET ADMISSION IN OUR ONLINE INSTITUTE

Answer:Collision Theory:

Contact WhatsApp Number: 492 331 5014353

According to this theory, a chemical reaction occugs,whemthe reactant
particles collide with each other with enough energysand proper
orientation. AW 4

Key Components:

Collision Frequency — Rate of reaction depends on how often particles
collide.

Effective Collision — Only collistens with proper orientation and sufficient
energy (2 activation energy) lead tovaseaction.

Activation Energy — The minimumeenergy required for a successful
reaction. ' g

Orientation of Partiecles & Particles must collide in the correct orientation
for bonds to break and form:

6.Discuss the effeet of changing the concentration of a reactant on the rate
of reaction:

Answ;r:Eﬁ;ct of changing the concentration of a reactant on the rate o
reaction:

\Whenh the concentration of a reactant increases, the number of particles
per unit volume also increases.
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This causes more frequent collisions between reactant particles.
As a result, the rate of reaction increases.

Conversely, when the concentration decreases, there are fewer ¢«
collisions, so the rate of reaction decreases.

7 Example: Concentrated HCI reacts with Zn much faster than dilute
HCI . GET ADMISSION IN OUR ONLINE INSTITUTE
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/. Describe how graphs are used to interpret the rate @f reaetion.

Answer: In chemistry, graphs are often drawn with“time on the x-axis and
either amount of reactant used or amount ofjproduct formed on the y-
axis.

The slope (steepness) of the curve at any poat Sh(_)WS the rate of
reaction. % ¥

Steeper slope — faster reaction
Gentle slope — slower reaction

Over time, the curve levels off when the¥eaction is complete (no further
change In reactants/products).

8. Why is the activation energy. impatant INn determining the rate of
reaction? ' g

Answer: Importance,of‘activation energy in determining the rate of
reaction:

Activation epergy (Ea) is the minimum energy that reacting particles must
have for a reactiom\to’occur.

If particlesshave less energy than Ea, collisions will be ineffective, and no
reaction happens.

If particles have equal or greater energy than Ea, they can collide
effectively, break bonds, and form new products.

A reaction with high activation energy occurs slowly, while a reaction with
low activation energy occurs quickly.
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9. If you increase the temperature of a reaction, how does this affect the
Kinetic energy of the particles?

Answer:Effect of temperature on the kinetic energy of particles:

Increasing the temperature increases the kinetic energy of pasticles.
As a result, particles move faster and collide more frequently.©, 4

More particles will also have energy equal to or greater thamthe
activation energy, leading to more effective collisions:
Therefore, the rate of reaction increases with temperature.

10. Why do only a fraction of collisions lead to & reaction according to
COIliSion theory? GET ADMISSION IN OUR ONLINE INSTITUTE o N

BADLO BY MAK
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Answer: According to collision theory, not\all collisions are effective. For a
reaction to occur, two conditions must be satisfied:

Sufficient Energy: The colliding particles must have energy equal to or
greater than the activationgenergy..«

Proper Orientation: The pariicles must collide in the correct orientation so
that bonds can breakand.new bonds can form.

Since many collisiensido not meet both of these conditions, only a fraction
of collisions lead to@a,suecessful reaction.

11. Evaluate how increasing activation energy affects the rate of reaction.

Answer: Effect of increasing activation energy on the rate of
reaction”

Activation energy is the minimum energy required for a reaction to occuir.
\WHheén activation energy is increased, fewer particles will have enough
energy to cross this barrier.
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This decreases the number of effective collisions.
As a result, the rate of reaction becomes slower

12. Suggest a way to identify if a catalyst has been effective in a reaetion.

Answer: A catalyst is considered effective if it increases the rate of reactio
without being consumed in the process. This can be identified By eomparing
the reaction with and without the catalyst: if the reactioh finishes faster or
produces products more quickly in the presence of.thecatalyst, while the
catalyst remains chemically unchanged at the end, it is ‘effective.

13. Assess the impact of catalysts on industrigihghemital processes.

Answer: Impact of catalysts on industriahchemical processes:

Catalysts play a vital role in industriesybegause they speed up reactions by
lowering the activation energy without being consumed. This allows
reactions to occur faster and atlower temperatures and pressures, which
saves energy and reduces preduction costs. Catalysts also improve the

vield and selectivity offproducts, making processes more efficient and
enVironmentally fnen_d[y GET ADMISSION IN OUR ONLINE INSTITUTE
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P Exampleron €atalyst in the Haber process for ammonia production.

14. Evaluate the Impact of adding an enzyme to a biochemical reaction.
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Answer: Impact of adding an enzyme to a biochemical reaction:

Enzymes act as biological catalysts. When added to a biochemical reaction,
they lower the activation energy, allowing the reaction to occur more quickly
and efficiently under mild conditions of temperature and pH. This inCreases
the rate of reaction without being consumed in the process. Enzymes also
provide high specificity, ensuring that only the desired reaction takés place,
which is essential for proper biological function. AN\ Y

< Example: The enzyme amylase speeds up the breakdown of starch into

glucose. PR GET ADMISSION IN OUR ONLINE INSTITUTE
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15. Analyse how temperature control during*transportation can affect the
quality of the product. L A

Answer: Effect of temperature eontrol ddaring transportation on
product quality: < \

— High temperature may causésdegradation or spoilage of the product.
— Low temperature mavaslow down reactions, affecting effectiveness or
consistency.

— Proper temperattre Gentrol maintains product quality, stability, and
safety. . g

— Essentialfor sensitive products like vaccines, medicines, and
perishablefoods."
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SLO QUESTIONS

1.How do the rates of reactants and products differ?

Answer: In a chemical reaction, the rate of reactants refers to_how quvickly
the reactants are being used up, while the rate of productsirefers to how

quickly the products are being formed. Both are directlytelatéd: as the
concentration of reactants decreases, the concentration ofproducts

iIncreases. However, the rate of reactants is usually expressed as a

negative value (since they are consumed), and the,rate of products as a
positive value (since they are produced). K«©C 7

2. If the concentration of a reactant becomes zero, does the rate of reaction
also become zero instantly”? FEr e .

&L CNBADLO BY MAK
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Answer: Not instantly. Even if the,cahcentration of a reactant becomes
zero, the reaction may stillicontinue for a short time if other reactant
molecules are still colliding and reacting. However, once all the required

reactants are fully.constmed, no further collisions can occur, and at that
point the rate of reaction’becomes zero.

3. What happens if'the reactant becomes zero in a chemical reaction?

Answeralithe reactant becomes zero, no particles are left to collide, so the

reaction cannot continue. This makes the rate of reaction fall to zero,
andsthe reaction stops completely.
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4. If the collision is not affective does we get the product ?

Answer: No. If a collision Is not effective, it means the particles either don't
have enough energy or are not oriented correctly to break old bonds and

form new ones. In that case, no product is formed. Only effective
collisions (with sufficient energy and proper orientation) lead to,product

formation GET ADMISSION IN OUR CNLINE INSTITUTE
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5. Difference between exothermic reaction and endothetmic reaetion?

il \/Ier’

Exothermic Reaction EndothérmiesRecation

Releases heat to surroundings

Energy released
when new bonds form

IS greater than energy® 7 ©
needed to break old
bonds. )

wEnergy required to break bonds is
greater than energy released when

new bonds form.

Often spontaneous (€.g., Often requires continuous energy input
combustion) (e.g., photosynthesis)

Example: Cambustion of
fuelsgRespiration,
Neutralization

Example:Photosynthesis, Electrolysis,
Dissolving NH4Cl in water.
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0. Differentiate between reversible and irreversible reaction.

A ™ A Ji o

Reversible Reaction Irreversible Reaction

A reaction in which products
can change back into
reactants.

A reaction that goes only{imweney,
direction and cannot be reversed.

Represented by a double arrow Represented by asingle arrow (—).

(=)

Usuallyrgoes 16 completion until
reactants are used up.

Does not go to completion;
reaches a dynamic equilibrium.

Forward and backward
reactions may absorb and ¢
release energy.

Energy is released or absorbed only
ance.

Example: Haber procéss{N. +
3H> = 2NHs3), Dissoeiatien of
acids and bases.

Example: Combustion of fuels,
Neutralization, Rusting of iron.
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1. Multiple Choice Questions (MCQs)
i.  The rate of a reaction

(a) Increases b) Decreases

| (c) RE"?ﬂi“f' the same (d) May increase or decrease.
ii) The activation energy for a reaction can be;

(a) Increased by increasing temperature
(b) Increased by decreasing temperature

(c} Decreased by increasing €oncentration of reactants
{d) None of these

(iii) Reactions with highactivation energy.aré Usually;
(a) Fast .ﬁj Slow (c) Exothermic (d) Reversible

(iv) In a reversible reaetion catalyst lowers the activation energy of the;
(a) Forward reaction

as the reactiGfiproceeds)

GET ADMISSION IN OUR ONLINE INSTITUTE
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(d) Forward re@iction blit increases for the reverse reaction
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"'"N
(v} Which of the following is NOT a factor affecting the rate of reaction'accerding to
collision theory?

a} Number of particles per unit volume

b) Activation energy

c) Presence of a catalyst

y~d) Molar mass of reactants
{vi) How does a catalyst increase the rate of rea::tl::-r_'l?

a) By decreasing the number of particles per unit volume

b) By increasing the activation encrgy .

c) E: prwidinggan alternate pathway with higher agtivation encrgy
) By providing an alternate pathway with lower activation encrgy

5 7 7
(vii) Which physical parameter is NOT typically affected by the fatelof reaction!
a) Change in mass

GET ADMISSION IN OUR ONLINE INSTITUTE
b) Temperature & BADLO BY MAK
r,| Formation of gas
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} Colour of the reactants
(viii) Which factor can afféct the rate of reaction invelving gases?
a} Change in solubility
c) Change in volume
{ix) Increasing the surface area'@fsolids cenerally:
a) DecredSesithe rate of reaction ~b) Increases the rate of reaction
€} Has no'effect'en the rate of reaction d) Makes the reaction irreversible
{x) How does temperature affechithe rate of reaction according to collision theory?
a} Higher tempeératufe decreases the frequency of collisions
BFHigher temperature increases the activatian energy
) Higher temperature decreases the kinetic en

) Higherstemperaltlre increases the freq
particles

--b] Change in pressure
d) Change in viscosity

ergy of particles
uency of collisions and kinetic energy of
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