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¢ Collision -'Tleory & Reaction Ra'h;/ @

é MCQs with Explanations

Statement: The number of collisions per unit
volume of the reaction mixture is called:

(a) Collision energy

Correct Answer:

(b) Activation energy
(C) Collision \cre.iiuency
(d) Collision force

(c) Collision
frequm:y

particles collide with

sufficient energy and
\| the correct orientation. J

NAA_A AT

Exelanaﬁun :
Collision frequency is specifically
defined as the number of collisions ?f
(-]
that occur per unit volume per
unit_time. Tt is a measure of | %

how_often reactant particles | @ @

Statement: If the reactants possess an energy
higher than the activation energy, then the
reaction will be:

@

(ahfSlow il
(b) Fast ? (b) Fast
(c) Not affected i

(d) Instantaneous Products

Reaction

progress

Correct Answer:

collide with each other. T .y
Collisions in
unit volume.

E}Pfgrlni'im: W

Activation energy (Ea) is the
minimum energy barrier that

é /
must be overcome for a reaction

to take place. If reactant molecules

have energy greater than this
barrier, a .signfficnnf Pmparfl'on
of their collisions will be successful,

Jeadinj fo a high reaction rate.

Statement: Which of the following explains

the increase in the rate of reaction in the

©)
presence of a oafafysi’?

(ﬂ) Catalyst provides extra energy
to the reactant molecules

(b) Catalyst provides an alternative
pathway which lowers the

activation energy.

Correct Answer:

(b) Catalyst
pmw’dzs an
alternative
pathway  which

(¢) Catalyst increases the
lowers the

collision frequency
(d) Catalyst decreases the
collision frequency

activation energy.

Explanation:

A catalyst provides a different

mechanism (alternative Pathwny)
with lower activation energy (Ea).
Thus, more molecules have
sufficient energy fo react,

which greatly increases the
rate_of reaction.

Catalyst changes
the " energy

umﬂ.r,u.{

(pathway) requirement,

ikl not the collision
atalyze
(P,mf.,,) IE-(mme.r,mJ) frequency.
TE-(a.e..l,ua)

Reaction progress

4 Statement: Which of the following statements

is correct?

(a) Collisions with energy equal o or
greater than the activation energy
lead to reaction.

Correct Answer:

(a) Collisions
with energy

Collision freque.n;y is not related
equal to or

fo the reaction rate.

greater than
the activation
energy lead to

reaction.

All collisions lead to a reaction.

Collisions with energy less than
the activation energy lead to
the reaction.

Statement: When a reaction proceeds ahead,
how do the concentrations of reactants and
products change?

Ex cplanation :

For a collision to be successful,
the particles must have minimum
kinetic energy = activation energy.
Collisions with energy less than
Ea are ineffective and particles
Jjust bounce apart.

LY 2

Unsuccessful eollision
— No Reaction

Successful collision

—> Reaction

Exfrnnahan

As the reaction proceeds forward,
reactants are consumed to form
products. Therefore, reactant

tration d while

(a) Concentration of reactants increases _
and that of the products decreases. C""‘_‘QM product concentration increases. ?rh'\
% is change
(b) Concentration of reactants d ®) G P in concentration
and that of the products increases. | of reactants H Reactants s it )
(€) Concentration of both reactants docmecesland | E progress of
and products decreases. ﬂ"; “f the é \rzm:ﬂan.
(d) Concentration of both reactants i S -~ 3
and products increases. . bd
Time —»

,ﬂ, Quick Tip: More effective collisions (ndcquah energy + correct orientation)

—» Higher reaction rate!

o



m . Collision ﬂleor:y & Reaction Ra’fe:: —s
"7 Y Short Questions (Sectim B) { | o Fepeny 4 et

collisions.
What is a successful collision? o
— Successful vs Unsuccessful Collisions ———
A s ful collision is a collision between
reactant particles that results in a chemical ? Successful Collision
+ —_— )
reaction. For a collision to be successful, it 1"0 @&‘\ w v Sufficient energy

' Proper orientation

—> Reaction oceurs

must meet two specific criteria:
1. Sufficient Energy: The oo”iding Parficfes must

F energy equal to or greater than the B
activation energy. @+ ©&\ — @+0

Unsuccessful Collision

(Nt enough energy) X Not enough energy
I

Y% 2. Proper Orientation: The particles must collide ]
in the correct geometrical alignment so that X Wrong orientation
+- M +
the reactive Parfs of the molecules ar.‘fud{y 0 Q 0 @ 5 N aisn
come into contact. (Wrong orientation)
\
How does an increase in temperature ——— Effect of Temperature on Energy Distribution ———
increase the rate of a reaction?
Lower
Increasing the temperature boosts the reaction Temperature ~
rate fhroush two primary mechanisms: % Higher At higher
1. Increased Kinetic Energ'y: Particles move faster, _‘i “_r‘.." T"'MP"‘E“" fempe mi:ﬁ‘
leading to more frequent collisions per unit of time. 25 E_ : ’;::FE:;
2. Increased Engrﬂy Factor (More Effective Collisions): % A~
More importantly, a rise in temperature gives a 77
greater proportion of particles the minimum energy L — Energy
required to overcome the activation energy barrier. ¢ i f- E
This drastically increases the fraction of su Ful biigalin Ereyy)
collisions, which has a more signifir.nnf impact on More particles with energy 2 E, — More effective collisions
the rate than just the collision frequency. 5 — Higher rate of reaction )
s
Define activation geamp | ¥ EgmEetEs T
E, = Minimum
Activation Energj( (E,) is defined as the minimum Potential energy needed
amount of energy required by reactant molecules Energy to start the
to initiate a chemical reaction. iactions &
It is often visualized as the .F\e.ishf of the ‘\_A_/«._/"/
"enersy hill" that reactants must climb to Products
transform into products. Reaction Prosress —
Why does the burning of sulphur proceed e Pure Oxygen vs Air
slower in air than in pure oxygm? In Pure Oxygen (100% 0,) : In Air (21% 0,)
The rate of burning depends on the concentration : k
of the reactant (cx_ygen). (0,¢] £® : b % “
+ Pure Oxygen: Contains 1007% oxygen particles, \/ i /% - @
feada'ng to a higher Freguencz of successful @ ©\ : @ “ @\
collisions between sulphur and oxygen molecules. \bo \ﬁ I '\& %/t%
« Air: Contains anly 21% oxygen; the remaining % % w : % %
F9% is mosﬂ_y nitrogen. The presence of m'fn:gcn :
dilutes the oxygen, reducing the collision frequency Mare. O, molecules | Less O, molecules (diluted by Ny)
between S and O, molecules, which slows down —+ More collisions —» Faster burning | — Fewer collisions — Slower burning
the reaction rate. J

ﬁ '.-Kg.y T;keaway: Th: rate of a renc_ﬁon_je.pends on the number of successful cmisions.-‘ ﬁ

Tempemfure, concentration, and ca{‘al,sfs all affect this!
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e Clnang: in Rate with Time
At the beginning
(High concantration)

(56

57

Why is a catalyst used in a reaction
preferably taken in the powdered form?

A catalyst is taken in powdered form to increase
its surface area. By breaking down a solid
m{‘al_ysf into a fine Puwdsr, the total surface
area exposed to the reactants increases
exponentially.

A larger surtace area allows more reactant

molecules to adsorb onto the cah!_gsf's active

sites  simultaneously, ~thereby increasing the
rate of reaction.

Why is the rate of a reaction often
very fast at the beginning of the reaction?

At the beginning of a reaction, the concentration
of the reactants is at its maximum.

Since the rate of reaction depends on the
concentration of the reactants (aa:ardl'rxj to
the collision theory), a higher concentration
results in a higher freeiuenc_y of collisions
between reactant Parficfss.

As the reaction progresses, the reactants are
consumed, their concentration decreases, and

consequently, the reaction rate slows down.

_ Collision Theory & Reaction Rate o (" tunenit”

0 ( Anything that increases
successful collisions
increases the rate! J

i S N

Effect of Powdered Form (More Surface Area)

Lump of Catalyst ! Powdered Catalyst
(Less Surface Area) (More Surface Area)
q 0\ S
= y @ ‘ b "Bx?‘ p ?g,@ (Mure surface
-~ 9 | = @ O area = More
| o Q @ --@. collisions on
o @ . g_ ) "® [ catalyst surface
| = Faster
tion!
‘ Fewer active sites exposed More active sites exposed \I\-:::‘“‘i" pir
— Fewer adsorption —+ More adsorption
— Slower reaction — Faster reaction

As reaction progresses

(Low concentration)

Products —_—

$ ( L

“‘s'_' (‘ Rate o

€ : 3 Concentration

% | \CF reactants

3 : A gie S
L

Time —>

— Fewer collisions
—+ Slow rate

— More collisions

‘ High concentration ‘
— Fast rate

Low concentration ‘
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Magnesium does not react with air

at room temperature but reacts very fast

at high temperature giving intense white light.
Ezdal'n‘

This phenomnenon is related to Activation Energy.
¥ At Room Temperature:

Magnesium atoms do not possess sufficient
kinetic energy fo overcome the high activation
energy barrier required to break the strong
IS T ON i

At High Temperature:
9 pe

What happens to the reactants after they —— Energy Profile of a Reacti ~
climb the energy hill durins a reaction? BoE S5t y
; o 2. Tamsition state
When reactants climb the “energy hill" (overcome §:5) 2,/1 (Activated complex)
the activation energy), they reach a high-energy, L Reactants ' ST High energy.

unstable, temporary state known as the transition
state (or activated complex).

At the peak of this hill, the old bonds begin to
break, and new bonds start to form.

Once they pass this peak, the activated complex
I and the

The heat energy supplies the necessary activation
energy to the magnesium atoms. Once the
particles have this  energy, collisions become
successful, initiating a highly exothermic reaction
(2Mg + O, — 2Mg0) which releases intense heat
and light.

Why Mg Reacts Fast af High Temperature

At Room TemEmfure
® @

@ * : R % & % Pt
% [~ High
Mg atoms have less energy temperature

—» Cannot break 0=0 bond

& & provides the
,,,,,, B S L o 2o o e i el ol o e NS WS vt
At High Temperature energy! ¢
R

> .
00‘ . R @ @ Inécr;-s:htwl:ife !

S T ew E |
MS atoms have more energy Meat

— Break 0=0 bond
— Reaction occurs: 2Mg + O, = 2MgO

Releases heat and light

tants are converted into

pses,
products (which are usually at a lower energy
state, releasing the excess energy).

Potential gain energy
Energy | (climb the hill)

unstable state

3. Products form
(activated complex

Reaction Progress —»

% " Key Takeaway: Rale of reaction depends on successful colisions. %
e e o O O R e catalyot A e it |

L
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4?, Collision Theol’y & Reaction Rate , - ~@

e D A
: Remember!

= é Constructed Response Questions (Section C)( More successhul colisions )

K_:» Higher reaction rate!

e i

~—— Ways to Increase Successful Collisions —————

In what different ways can you increase the
successful collisions between the Parficfes of

Low temperature High temperature
the reactants? 1. Increase (Slower) Heat (Faster)
b Full calligiona e can ipulate Temperature ;‘ Of‘ —_— | S
the following factors: ®. =@
9 Incngn.;:aTemPc..rTfure: Provides kinetic N Tilanis J'E:N:n:;?:::; H(nfdl;sm:lv:rr:;;n
meray Pnrt": e 4 Concentration @ @ — @ ®
2. Increase Concentration (for gases/liguir;fs): (gases/liquids) ° ® 0000 go ®
Packs more Parfil:fes into the same volume, J L —_—
increasing collision fi ; Low pressure High pressure
i A e e 3. Increase | 0y " e} [Comres | (lice volume)
3. Increase Pressure (for 3ases): Decreases Pressure
the volume, bringin rticles closer together (gases) & ¢ ﬂ 0',0’%’, 5
& PRI i i o @ %%’ o
4. Increase Surface Area (for solids): Crushing Crash/ VR
. . . L. ieces Powdered form
or Powd‘er.lng the solid exposes more particles 4. Increase (Lma?m{“ m)1 Powder B e as) More frequent
for collision. Surface Area 5% and) and more
B : - fecti
5. Use of a Catafys'f: Provides an alternative (ol @ @ 9680?39933 :,n:;:
Fa.f"u..m.y with a {ol:nsr activation energy, ) Higher Ex 1A Eai(oah B = |t
meaning more collisions meet the energy . Use of a (Fewer successful (More successful reaction!
requirement. Catalyst collisions) = collisions)
LI ) B )] *
L S
Give an example of a reaction which proceeds ~————— Gain in Mass During Rusting
ith in i .
g %m ; Bamil bk fiad Rust
ny reaction inve vfns 4 ition oxygen Fe () (Fe,0. il -
(oxidation) or a combination reaction results & (G.) e /-/-‘
in a gain in mass. The most classic examp!e is: @ [5) When oxygen
¥ Rusting of Iron (Oxidation): + @ _— is added,
Q@ total mass
ifg o ;92 e 24":8&91 @ increases!
Iron Oxygen Iron oxide (Rust)
Here, iren combines with oxygen from the air e Y *
to form iron oxide (rusf). The mass of the Mass of Rust (iron oxide) > Mass of Iron nail
rust produced s 3r¢m‘.er than the on'su'mf (because oxygen s
mass of the iron because it includes the | added from air) |

mass of the absorbed oxygen gas.

From where do molecules get energy to attain
173 get energy

Sources of Energy for Molecules ———————

@ higher energy state? 1. Heat } 2. Light 3. Electrical energy
Molecules attain o higher energy state (Thermal energy) | | (Photochemical (Electrolysis)
(transition state) by absorbing energy from reactions) Y
their surroundings. This energy can ke R ; Energy
supplied in the form of: ﬁ = absorption
% Heat (Thermal znergy). Ex e S leads to
% Light (Photochemical reactions) ks vt 2 W5 pucgeiy
9 : ‘ g s rttes b || Light energy s cbsrbed Electrical energy is collisions!
¥ Electrical energy (Efchmlyﬂs). t mw’“" by melecules. supplied to the systunJ N i

*

The energy is transferred durins collisions, —

where the kinetic energy of one molecule During collisions, this energy is transferred
is transferred to another to raise it to the —> Molecules reach the transition state (activated complex) |

activated complex level. — Reaction occurs. |
- s

* f Key Takeaway: More energy + More frequent collisions + Proper orientation *

= More successful collisions —> Higher reaction rate! |
{ i )
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Collision Theory & Reaction Rate 2
% Constructed Response Questions (Section C)z

How does the presence of V,0; catalyst lower
the activation energy of the following reaction?

The V105 (Va.na.dl'um Penfoxide) cafci_ysf lowers the
activation energy by providing an alternative reaction

pathway with a lower energy barrier.

¥ It works fhrougﬁ a.dsurpﬁan:

the gaseous reactants

(502 and 0,) are adsorbed onto the surface of
the solid V,05.

¥ This weakens the internal bonds of the reactants,
making them easier to break.

¥ The reaction proceeds in steps involving intermediate

compounds,

requiring less initial energy than the

uncatalyzed direct combination.

——— Enzyme Catalytic Cycle (Lock and Key Model)

Expfaln the mfw'yflc action of an enzyme.

2.

Effect of Coolfng on Reaction Rate —

To stop the reaction, you need to
energy of the particles so they
Activation Energy. The most effective

that speed up biochemical react:

Their catalytic action is explained by the
“Lock and Key”
1.

. Enzyme—Substrate Complex:

. Lowering Ea

Enzymes are biological calalysts (usually proteins)

in living org
Model :

Active Site: The enzyme has a specific active
site (the lock) with a unique 3D shape.
Substrate Bindiﬂg: The reactant molecule
(substrate — the key) fits specifically into

this active site.

When  they bind,
they form a complex. The active site changes
shape slightly to perfectly embrace the substrate
(Induced Fit).

: The enzyme holds the substrate in
the optimal orientation and creates a microenvironment
that lowers the activation energy required

for the reaction.

Product Release: The reaction occurs, products are
formed, and because the products do not fit the
active site anymore, they are released. The enzyme
remains unchanged and ready to catalyze another

reaction,

If you desire to st‘op a reaction going on

at 60°C, what action will you take?

lower the kinetic
fall below the

action would be to:

s

Rapicﬂ_y Cool the Reaction Mixture
(e.g., placing the reaction vessel in an ice bath).

This removes heat from the system. As the temperature
drops below a certain threshold,
kinelic energy, oolisions become less wiokert and less
frequent, and the reaction effectively “freezes”
slows down to a near halt.

For enzyme—catalysed reactions, this can also denature
the enzyme, permanently stopping the reaction.

lose

the particles

or

g Koy Tabasuny
|

o~
" Remembes!
Lower E,
—> Higher reaction
rate!

e A N

r——— Houws VZOS Lowers Activation Enzrgy ——————
V,05 Catalyzed Pathway

Uncatalyzed Pathway

m h“

I
i
Potential !
Energy !
|
I
i
|
|
Reaction Progress —» Reaction Progress —»
Adsorption on V,05 Surface (Stepwise Mechanism)
50:@ % 0;@ 25043

o0 @@
s
i ]

2, Bonds weakened 3. Reaction mdqu 4. Products released
(Intermediofe formed) 2505(5)

(&.ﬁ.ﬁmum) (Easier to break)

4 Lnuarin_q E. & Reaction ———

1. Active Site 2. Substrate Binding
(Lock) (Key fits lock)
Substrate
Active site x

#\e—r Without enzyme

Enzyme
5. Product Release
/
Prodacts /
g o
S

Reaction Progress —=
Enzyme lowers E, and
reaction occurs.

(high Ea)

3. Enzyme-Substrate

Complex

Reaction Rate

; 2= N

|

1

| kinetic. energy

} —» Stops the
reacton]

60°C
Temperature (°C)

Lower

temperature

— Lower

What happens when we cool?

v
v
v
v

Kinetic energy of particles decreases
Fewer effective collisions (below Ea)
Reaction rate decreases drastically

Reaction stops or nearly stops

Increase successful collisions or lower activation energy — Faster reaction.

=

Lower temperature or remove energy —» Slower or stop the reaction. o)

¢



