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Instantaneous Rate And Average Rate Of A Reaction

dr
For a general reaction A__’i - ?
aA + bB — cC + dD D —7 ¢

Note that rate of reaction decreases gradually

with the progress of reaction

Aveaal, — Inttentun cous zalf = >
| , ~1d[A] |
+ Instantaneous reaction rate = ? dt . at any time t

Over a finite time interval At concentration change is given by average reaction rate

—1 A[A]
a At
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Simple And Complex Reaction

Simple reactions: Reaction which occur in a single step

! bo |
e‘e%ch/% Example : H, + 1, —» 2HI (Oﬂof ‘9 E—ﬁktmfhu
<~

can P r=kalillL] 0, 4ve, —ve, frachnel
meehe™ . . Sl
Complex reactions: Reaction which take place in two or more steps
Y
M“'bm\/ Example :1H, +Br, - 2HBr

r = ky[H,[Brol2

Note that for determination of rate of complex reactions mechanism should be known and

then the rate of slowest step is the rate of overall reaction
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Rate Constant (k) Of A Reaction

For a general reaction ad + bB — ¢C + dD

—_— k is defined as rate of reaction when concentration of

each reactant is unity

Note that value of k is for a specific reaction represented by a balanced equation

S
;
)
Z

oes not depend on [reactants] or [products]

Value of k ﬁ/ﬁoes not depend on time

\/Depend on temperature of reaction

epends on catalyst used
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Differential Rate Law Tof

For a general reaction ad + bB — ¢C + dD ‘fo((h]“ [ &J b =ak

I

r < [A]"[B]" ; Since reaction rate is proportional to(ﬁoncentration of reactant

~ elemen lory TeetSon

‘Oi N Mﬂ — Setiey oF Qlem Y HON
OR :(ﬂ)JL *027

k is known as rate constant

r = kla]"[B]" <
The exponents m and n are known as order of reaction

with respect to A and B respectively

AND

Note that m or n may and may not be
(m + n) gives overall order of reaction

equal to stoichiometric coefficients

a and b
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Concept Of Molecularity

\khas the minimum number of reacting particles that come together or collide in a

ate determining step to form products 1In' mad Y \/

Rimelewler /
D
e
v} < v4
It has meaning only for simple reacfiols 'r l Tes mole tule

Note that
it is a theoretical concept
it can not be zero , negative | fractional , infinite or imaginary

it can not be greater than 3 since it is difficult for more than 3 molecules to collide

it is invariant (i.e. independent of pressure , temperature etc.) for a chemical ~:quation
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Concept Of Order Of A Reaction

b = Lo sec”’
Mathematically : order = sum of powers to which conantration terms are

raised to determine rate of a reactiond# £y 4 % —3 -?hzo 4-285

Dhke +0, = HoORr
Example for reaction a4 + b8@+ d%) ‘fﬂ‘l’ + BoDRy = -?HOSV
r = kA"[B]* ——> Order=m3)(Liky 4 YoBr 2 H0+31, 2

UNRy + 02 = 2D+ 2B,

Note that order is an experimentally determined quantity .

It can be zero , negative , fractional or greater than 3 (but not infinita}

7= K[ Her) (‘"’08")‘7

Note that for simple reaction, order = molecularity
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Concept Of Order Of A Reaction

Mathematically : order = sum of powers to which concentration terms are

raised to determine rate of a reaction

Unifs o ¥ = (moles) (Lhe) tirg

. -|
Example for reaction ad + bB — ¢C + dp L@ mol Lhe S€C

Jsy ) sec!
wd [ L4 md" seC’!

r = k[A]"[B]* —— Order=m +n

Note that order is an experimentally determined quantity .

It can be zero , negative , fractional or greater than 3 (but not infinite)

Note that for simple reaction, order = molecularity
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Law Of Mass Action

This law relates rate of reaction with active mass g‘-} - -lo i

number of mol

J

of the substance

active mass = —
voldme in litres

dilyl; Soluben - (qchve MmESS = Mokdirb)

——

temperature:
reaction (r)is proportional to the product of active masses of the reactant
t instant and raised to their stoichiometric gquation A
Cad-,‘u; : Molar}zx 4<+;V;7 Py bb'”""_] fw (one enhafed Solubon
4 | — &
.| 4
pHof 1p7SM H j*m wer pH? pr=-2 X

—

H= -lo ("ﬁ) - _log A H'
13V a {Vr it M
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Law Of Mass Action

This law relates rate of reaction with active mass

number of moles of the su stance

active mass = m— H]'Ti Jrés"r (mo!es) (L h.e) &«
Zero( Mol Lhe Sec!
At a given temperature: /Br Sp(" v

rate of reaction (r)is proportional to the product of active 'ga sest}thg.mattgrac
at that instant and raised to their stoichiometric equatlog_”‘ L}"‘ Md'z ceC |
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Law Of Mass Action

This law relates rate of reactio

active mass > M 0\07\'2 Lmo'l/) LL“")

number of moles of the substance

active mass = ——
volume in litres

At a given temperature:
rate of reaction (r)is proportional to the product of active masses of the reactant

at that instant and raised to their stoichiometric equation
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First Order Reaction

A ———» Product |
Initial concentration  a 0 dx
Concentration attimet (a — x) % dt
k=1 In&
F < —d[a — x] (a—x)

i = kqi[a — x]

Note that for 1°t order reaction time required to complete any definite fraction (say %) of
the reaction is independent of a initial concentration

|

(V)
S
[l

x Kkt 2.303 1 . J-eft
log( )
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Zero Order Reaction

A
A ——— Product
Initial concentration a 0 dx
Concentration attimet (a — x) X dt
thhCMemiLol reactions
) g+ G, 38R0 A @)
- 0
9 N = MNari0 @
—dla—x]
5) ANty 2oy N or g g =tola P
bW 1 L -+ dx _ = | x=kgt
) VSuvbwe — qt ko )

Note that rate constant is equal to the
le. kot =a—(a—x) = [4], - [A], :
rate of reaction at all concentration




4 SAFALTA cowm

An Initiative by JWR-Jalicll

Zero Order Reaction

A — Product
Initial concentration a 0 dix
Concentration attimet (a — x) X di
kz: 2— a-@v

(0 (t T: kO [A]O

- . C
K= Cb‘_——‘-'— —dla—x] .
‘: or I —ko[a—x]
= %:ko = x=kgl

Note that rate constant is equal to the

ie. kot =a—(a—x)=[4], — [4];

— e rate of reaction at all concentration

—— S
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Half Life Period: t.

It is the time required for half the reaction to change e - Q’ (h— C‘

b—\ \
Order of Expression for rate t /
reaction constant

dlrectly proportional to ‘a’

£ete ko = ? Zko

o _ independent of ‘a

ne kq > log (a — x) 7

o . 1 x % inversely related to ‘a’
2

t ala — x)
n(forn = 2) inversely related to ‘a™ 1’
- A tl A
7 2
First order
Zero order
Second order

a
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Third Order Reaction Of Simplest Type

A =—y Product A
Initial concentration  a 0
Concentration attimet (a — x) % ?
t
Zeyo
2
5 a—x)°
. —d[a — x]
¢ — 3
> - _
_— dt k3 [a x]
I

1 20—
ko = x2ax) } Unit of ks is concentration “time ™ *
3 2 2
2t la2(a — x)
(F4) _ n-
) =

(5%)1
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Arrhenius Equation

-Ea Where A =Frequency factor
k = Ae kT

slope =
logk
>
T

Fraction of molecules capable

of bringing effective collision
? ea CHIN sje ed L«p
Fraction of /
molecules
L] >

E.




