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CHAPTER 14: ("‘hcmic al l\llictlns

Reaction involves breaking and forming ot bonds, so the speeds of
reactions depends on the nature of the reactants themselves.
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:Four factorsichange the rates at which a reaction occurs.
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1. Physical state of the reactants: St JUEYT A P
Solid-solid  fast
Solid-liquid  slow
The surface area of solid will give higher rate of reaction
2. Céncentrations of the reactants PVl v g
© )—-) Py e As concentrz}tlon mcreas:.d (the frequency with the reactant
» LS.__-g,_,_,_‘}J,_,;{,_,’L,)*_',_

ALL;

B \@MW

er



i - \ _ -
o\ ) by 1\, \ 4dol. T ) = - y
A > T Vi), o 81820 5 B,

- ()L) L,’,.," o . ’l !
I e ' 2 _r -_,J_‘l_..‘(_‘__,{ c:'_‘“‘b 2~

oy AN

-+, as~? 3. Temperature
yo As temperature increase, increase kinetic energy of molecules,
move more rapidly. 'l'her'\,:'bi‘bllidc more frequently and also with
higher energy. Rate of reaction increased.
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204, Catalyst J ° T
Agents that increase reaction rate without being used up affect the

kind of collisions (mechanism). Ex: enzyme natural catalyst for
biochemical 1Lacum,ifu A 2 (B o )
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Note: for a collision to lead a reaction, it must occur with energy to

e stretch bond with a proper length and with suitable orientation for new

~ bonds to form in the proper locations. o
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Chemical kinetics: the area of chemistry concerned with the \pecds

rates, at which a chemical reaction occurs.

Reaction rate: the change in the concentration of a reactant or a product
with time.
For the general chemical equation:

Reactant ———» Product

| ‘-\:J_,:
“We can follow the progress of the reaction by monitoring either the

decrease in concentration of the reactant or the increase in concentration
of the product”.
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For the simple reaction:

A = B
We can express the rate of the reaction as:
A(A] 4 [B)
rate = — rate
At AY AR

“The rate of a reaction may obtain experimentally using I“““‘_‘“}E*‘J“F

i methods, electrical methods or by pressure of gases for {he reactions
involved formation or consumption of gases™.

Reaction Rates and Stoichiometry

In the following proposed reaction:

aA+bB —— " cC+dD
The rate of reaction can be expressed as one of the following terms,
considering the mole coefficient of reactants and products.

alcl 1 alpl
1
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14.2: The Rate Law: .

Rate law: expresses the relationship of the rate of the reaction to the

L2} . %) > 'IJ Al P

constant and the concentrations of the reactants raised to

»yOIMEC POWCTS

IFor the general equation:
aA + bB » ¢cC+dD

The rate law of this reaction is expressed as:
Rate = k [A]™ [B]"
K: rate constant
“Where m & n specify the relationships between the concentrations of
reactants A and B and the reaction rate, they are not equal to the
stoichiometric coefficients a & b”.

Reaction order: the sum of the powers to which all reactant
concentrations appearing in the rate law are raised.

Fx. If the rate law is:

Rate = k [A]” [B] m=2,n=1; & (m+n) 3
We say that the reaction is second (2" order in A, first (1*") order in B,
and third (3" order overall.

An exponent 1 mears that the rate depends I'nearly on the concentration
of the corresponding, reactant. For example, if m——l and [A] is doubled,
the rate doubles. If r1=2 and [A] is doubled, A] quadruples and the rate
increases by a factor of 4.
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Ex.: The reaction of nitric oxide with hydrogen at 1280°C 1s
2N(){:\ ! (]21-_',! " :\l }2“.:'

Based on the following data for the reaction, determine (a) rate law (b)

rate constant.

[ Experiment | [NOJ | [05] | Initial rate (M s)

L1 100150015 0.048
| 2 100300015 0.192
3 1001500030 00%
L4 10030]0030[ 0384

Ans.:
@ Rate law >>> Rate = k [NO]"[O,]"

First, keep [O,] constant Secondly, keep [NO] constant
(Rate), _ k (0.030)" - @y (Ru:i); - X (0'030): - Ay
(Rate);  k (0.015)" Rate), k (0.015)

SEC - D096 -y
0.048 0.048
2y = @r (2 = @y
> m=2 = n=1

>>>> Rate = k [NO]*[O;] d
78d o der in NO, 13 order in O, & 3™ order in overall

(b) Rate =k [NOJ'[O,]
>>>>>
Rate 0.048 M/s

[NO,F (0,1 (0.015 M)? (0.015 M)

o
K = - 1.4 x 108 (M2.s1)
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14.3: Relation between Reactant concentration and Lime

T st . .
First (17) Order Reaction: a reaction whose rate depends on the
reactant concentration rose to the first order.

In the following 1™ order reaction:

A ———  products
The rate is:

Rate = k |A]

Using the natural logarithm in both sides gives:

ml‘ﬂ?zkt

(Al

Rearrangement of the above equation gives:

‘ In [A]; = In[A], - kt I

[A], = concentration of A at time t = 0
[A]¢ = concentration of A at time t = t

6/15
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Plotting | A, versus Time (t)

EX.in the following reaction:
cyclopropane ——* propene

This conversion is 1™ order reaction with rate constant of 6.7x10™ s at
500°C. If the initial concentration of cyclopropane was 0.25M
Calculate:

a) The concentration after 8.8 min.

b) How long will it take for the concentration of cyclopropane to

decrease from 0.25M to 0.15M?
¢) How long will it take to convert 70 % of the starting material?

Ans.:

a) In|Al= In[A]o -kt
In [A] = In (0.25)M — (6.7x107 s)(8.8x60 s)
In [A]l,=-1.74

>>>[A);=0.176 M

b) In ([A]/[A]) =k x t
In (0.25/0.15) = 6.7x10"s " x t
0.511 =6.7x10"s" x t

o> =762 s

715
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¢)70 % of the starting material which means >> 70 % is reacted

> [A]o= 100% = |
AL = 100% - 70 % — 30% - 0.30

In (|A]lJ/1A]) =k xt
In (1/0.3) = 6.7x10* st x t
1.204 = 6.7x107s™ x t
>>>>t="1.8x10" s

= 1.8x10%/ 60 = 30 min

Half-life (t;,):

The time required for the concentration of a reactant to decrease 1o half

of its initial concentration “[A]; = [A],/2”
Al
th'?‘ — _1'._ ln [__._]_._U
k  [A]l,/2

~ Finally;
el | — ' | | |
The usefulness of (ty) 1s that it gives an estimate of the magnitude of
the rate constant (K). o= Y4

8/15
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Second (2"")~()l'dcr Reactions

[he first case: rate = k [A]* (predict the unit of k)
['he second case A+B_—»  product
Rate = k {A] {B]

We will consider only the first case.

1

>>> Plotting 1/ [A]; will give +ve slop = k, & intercept = 1/[Al,
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Half-life (t,,):

NOTE: the halt-life of the second order rate law depends on the initial
concentration of a reactant.

Ex.: for the following 2™ order reaction,
- . lg g - i L)
1his reaction has a high rate constant 7.0x10°/ M.s at 23°C. Calculate:

3 The concentration of I after 2 min. if the initial concentration was
0.086 M.

b) Calculate the t;,; of the reaction if the initial concentration of 1 1s
0.6 M.

Ans.:
a)1.2x 10 M
b)2.4x 10" s

[ o . f _ R
Rate Law Overall Reaction Order Units for k ﬁ
Rate = k Zeroth ofder M/sosM:™ |
Rate = KA First order lfeors™
Rate = ¥[A](3] Second order HiMeg)or M7 e |

10/15
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L4 Activation Energy (1)) and Temperature Dependence of Rate
Constants

' )\'_\'Jli\f{wﬁl’\“q;s‘ s ‘%‘d; ;l:_'\)i-\ﬂ-g::\J'
The Collision Theorv of Chemical Kinetics
- Chemical reactions occur as a result of collisions between
molecules.

=]
— Ay L‘JI

- Not ali collisions lead to reactions, some are effective & others are
not effective.

- Inorder to react, the colliding molecules must have a total kinetic
energy equai to or greater than the activarion energy (E,)

. Activation energy (E,): the minimum amount of energy required to

 °» initiate a chemical reaction.

Activated complex: temporary species formed by the reactant molecules
as a result of the collision before they form the product
- It the products are more stable than the reactants, then the

reaction will be accompanied by a release of heat, the reaction is
~7 “exothermic” = sl Ry i

- If the products are less stable than the reactants, then heat will
- 3 be absorbed by the reacting mixture from the surrounding and
WS we have an “endothermic” reaction

YL e

11715
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Reaction progress Reaction progess

The Arrhenius Equation

- Arrhenius equation expresses the relation between the rate constant

and temperature.
‘ k - A e‘(EGx’ RT) I

- E, = activation energy (KJ/mol), R = gas constant (8.314 J/K .
mol)

- T = absolute temperature , A= frequency factor (collision
frequency)

Frem the relation above:

e Rate constant is directly proportional to A (collision
frequency)

e Rate constant decrease with increasing activation energy and

vice versa (activation energy term with minus sign in the
equation!!)

e Rate constant increase with increasing temperature.

12/15
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Faking the normal logarithm in both sides

‘|nk~lnA~ Eu
L T

- aplotof Ink versus 1/T gives a straight line whose slope is equal
to - E/R and whose intercept is In A.

_ we can calculate activation eneigy at different temperatures 1, and
T,, or to calculate rate constant if the value of activation energy is

given.

Ex.: Rate constants for the gas-phase decomposition of hydrogen

iodide, 2Hl g, + Ly —» Hag T lag, are listed in the following table:

——

't t T k '
| (O (x) M's) |
| 1
| 283 336 352 X 10— |
| I ; e am et |
| 326 629 3ud X 1

E 393 666 2.19 x 107 i|
| 427 700 116 X 107 |
-l 503 78 393 x 107% |
Lo s =

a) Find the activation energy (in kJ/mol) using all five data points.

b) Calculate Ea from the rate constants at 283°C and 508°C

¢) Given the rate constant at 283°C and the value of Ea obtained in part
b what is the rate constant at 293°C?
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a) The activation energy Ea can be determined from the slope of a
linear plot of In K versus 1/1.

~=> Fa= 187 x 107 /mol = 190 K.J/mol

by K,=35 T,=556 K
Kz :3.9

2x10'm's !,
5x10°M's', T,=781K

2 4§ P “EYL_ 1)
R j\T [
_l_-.?\"\.'!_‘_i
f395 X 107"M™" & { -E,
in| = - | - =

\352 X 107 M™' 57 } l | 781K 336K/
\ 8.314——
\ K‘n ]

I
“
i1
-
o
®
C
=
o

¢ K,=352x10"M's",
K,=72?22 M's"
Ea = 1.87 x 10° J/mol

T1:556K
, T,=781K

f ot ;;'? : LT} -._ "
f k2 \ mol \ .
il = R =] =] = E '|".-—-- 1'_" fi5
V332 x 100 M ] 366 K 558K
eola =
\ K-n‘.o'. ¥,
Taking the antil: of both sides gives
K —_—
"? ; : - E,f_‘,( 13 - 2:[‘1.1.
352 X 107/ M™ 57

ky= 714 X W07 M7 s

In this temperature range, a rise in temperature of 10 K doubles the rate constant

14/15
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Rate determining step (rds) is the slowest step in reaction
F'a increase slow step rds

More Energy less stable
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Reac‘flon Progress

I, 1L, V: Activated Complexes (Transition State)
[1, IV: Intermediates

[V-V: rate determining step (rds)>>> slowest step
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