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Chemieal Kinetles

overall Welghtaoe
* JEE Main: &-10 marks (out of 100)
* JEE Advanced: -12 marks (out of 120)

Most Frequently Tested Concepts

» Rate Laws and Order of Reactlon (25%)
» Tewperature Dependence (25%)

» Reaction Mechanisms (22%)

> Catolysis (1€%)

1. Basic Concepts
Rate of Reaction
e Rate of veaction is the change tn concentration of reactants/products
Per WALt tlme
® For a reaction A — B:
o rate = -A[Al/At = A[B]/At (average vate)
o Rate = -d[Al/dt = d[®B]/dt (lnstantaneous rate)
® Linlt: mol LT g7t /
Factors Affecting Rate of Reaction
1. Pl/\gs’wm Staote
o Rate: qaseous > Liguid > Solid
o Finely divided solids react faster due to increased surface aren
2. Concentration
o Rate is divectly proportional to concentration of veactants

o Higher concentration means more frequent molecular collisions
2. Temperature

O Rate increases stgnificn Wch with temperature

o Rule of thuwmb: Rate approximately doubles for every 10°C rise
4. Ccatalyst

O lnereases vate bu providine alternate pathwau with Lower actlvation
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4. catatgst

O Increnses rate by providing alternate pathway with Lower activation

energy
O Does not affect equilibrivm constant

5. Radlatlon .
O Certain {r@quewcies o{ vadlatlon caw Lnerease veactlon rate
’ - Codaln sy
wwswiembtg ortrouX”

2. Rate Law and Order of Reaction
RrRate Law

e Mathematical expression velating rate with concentratioy of reactants

® For veactlon: A + bB — Products aﬁ 'y EPTBT@'S‘
o Rate = RLAI[®B]Y K ﬂ%jj
O kR = rate constant Kk {/9()

oX, Y = order with respect to each reactant
o Total ovder = x + Y

Order of Reaction

1. Zevo Ovder (w=0)
orate = RIAI° = k
O Rate Lndependent of copcentration
o Half-life « nitial concentration

t)’x/’ Dﬂo /XK' o35 —
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Flrst Ovder (n=1)
o Rate = RLAI <:F )
o Half-life = 0.6927R (lndependent of initial concentration)

o Examples: Radloactive decay, decomposition of N20s

Onit €
pe

(enC -
Second Order (n=2)
o Rate = RLAI2 or RLAT[B]
o Half-life = 1/R[Al T
\)n?{’ L /mol IS
Conc ) >

-3

Dot ool 1) 755 (o) TS o)

mportant Polnts

J MoLecuLarl‘cM <=z (MSLAQLL@)

* Ovder can be zevo, fractional, or Lnteger

* Ovder can change with conditions, but molecularity remains constant



* For reversible veactions at equilibrivum: (dx/dt)forward = (dx/dt)
backward e

3. Integrated Rate Laws

Z.ero Oroler

e [Alt =[Alg-kt 7~

* Linear plot of [A] vs t with slope = -k /
First Ovder

o In[ATE = -t + Al

 Linear plot of LL[A] vs t with slope = -k
Second Ovoler

c VAL =kt +1/[ALy /
* Linear plot of 1/[A] vs t with slope = &

;: cxof
4, Tewperature Depensence A- ey T-Temp-
Arrhenius Equation
e 4 g - P By
o = AgTE/RT & v
os (o
*log k = log A - BA/2.203RT R- (1
* For rates at two temperatures: Log (Ry/lk1) = (Ea/2.202R) [T2-T1/T1T2l
Ea y
Collision Theory ‘/303 RI” 11T

BOSLC Pr’mcipteg

* Based on the assumption that for a reaction to occur, molecules must
collidle

o Not all collistons vesult tn successful reactions

Two types of collisions:

* Effective collisions (lead to product formation)
* (neffective collisions (no product formation)

Factors Determiniing Effective Collisions

Ewemg Factor
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Colliding molecules must possess mintmum threshold energy
Threshold energy = minimum energy reaquired for effective collision
Ownly wmolecules with energy = threshold energy can form products
Fraction of molecules with required energy = e %/RT

Ovientation Factor (P)

Molecules must collide with proper spatial ortentation
P = probability of correct orientation

value between 0 and 1

Dependls on complexity of molecules

For séqute molecules, P =1

For complex molecules, P << 1

Colliston Frequency (Z.)

Nuwmber of collisions per secomal per unit volume

Depevwig oW /

Concentration of reactants /
Temperature (1T = Twmplecular speed = 12)

Size of molecules /

Physteal state of veactants v

Rate constant ke = P%ﬁ/‘

P = ovientation factor/stevic factor
Z, = collision frequency

Mathematical Expression . W%
(s
Ea/RT =)

e P /RT = fraction of molecules with energy = Ea

Tine to Practiee:

Higher ovder (> 3) reactions ave vave due to shifting of equillbrivum
towaras reactants due to
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elastic collistons

(@)loss of active species on collision

(b)meolecules are Lnvolved

(vs/)/Low probabiti’cg of stmultaneous colliston of all

the reacting species

() bnerense bn entropy and activation energy as more
()eE Main)

For the non-stolchiometric reaction:

24 + B -> C + D, the following kinetic data were
pbtained Ln three separate experbments, all at 29€ K.
The vate Law for the formation of C i

nitial nitlal Inttial vate of

concentration Concentration  formation of C

LA] [B]

0.1M 0.1 M 1.2X10-3 4 0°\j
0.1M 0.2M 12X1022%  — Jep" ’
0.2M O1M <@ - A w%

T B R A G0
o Lo kpyg) P Ge 0TS
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Conslder a veaction ag + oH - > products. When
concentration of both the reactants G and H Ls

doubled, the vate lnerenses elght times. However,

when concentration of & is doubled keeplng the

concentration of H fixed, the vate is doubled. The

overall order of the reaction is ‘ & > double the
@o @2 d"‘d’"‘“& Toe

01 W= Bptling brond
(11T JEE) |+A=2. P n D

2 <=

Decomposition of H202 follows a flyst orxder reaction.
I {L{ttd minites the concentration of H202 decrenses
from 0.5 M to 0.125 M L ong such decomposition.

wWhewn the concentration of H202 veaches 0.05 M, the rate of formation

O‘f‘ o2 will be Q/O (:T/ﬂ; ‘H\O-Jj
(@) 6.93 X 10-2 mol min-1 K = —
(b) .92 x 10-4 mol L' min-1 rf’ Q“JJ
(c) 2.66 L min-1 at STP /{;’/

o) 1.24 x 10 - L mln-1
(d) X ol mn j}/,, D-g/

(JjeE Main) =
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Cyclopropane rearranges to form propene (CHz-CH=CH2). This follows
first order kinetics. The rate constant is 2. 714 x 107 3 sec. The Lnitial
concentration of cyclopropane Ls 0.29 M. what will be the concentration
of cyclopropane after 100 sec?

(@) 0.025 M (¢) 0.145 M

() 0.22 M (d) 0.0012 M
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