Chapter # 07

Reaction Kinetics

.
Reaction kinetics is the study of the rates of chemical reactions.
- It includes a variety of experimental methods for measuring reaction rates, orders and mechanisms of reactions.

Importance of Reaction Kinetics|S - ;

e Reaction kinetics helps to determine the mechanism of reactions.
e Reaction control is important in industry. The factors affecting a reaction must be b What Is  the
. known in order to discover conditions for economic use of reactions. importance  of
: reaction kinetics?

nes of Reactions

. . . The rates of different chemical reactions differ greatly.

< Information :

Fast reaction ' An explosion is a swift reaction

Some reactions take almost no time to complete. Such reactions are fast | -that happens within a fraction-of a

_reactions. second, the rusting of iron is a slow

e.g., The reaction of NaCl with AgQNO, process that may take days or

. menths. The rates of reattions

Slow reactions . occuring during the explasion are
Some reactions occur very slowly and may take even years to complete | enermous. }

-e.g. Rusting of iron

. «Moderate reactions _ .
Some reactions occur at moderate rates, neither too slow nor too fast. -
e.g. The hydrolysis of ester.

COLLISION THEORY

i Collision theory explains how reactions occur.
" Postulates of Collision Theory.

o Forachemical reaction to take place, the particles (atoms, ions or molecules) of reactants |
must form a homogeneous mixture and collide with one another.
e The collisions may be effective or ineffective depending upon the energy of the colliding || What are the
particles. _ =3 pastulates of
e When the collisions are effective, they give the products. Otherwise the colliding particles f"ms‘““ theory?
just bounce back. :
e For effective collisions, the colliding particles must possess a certain amount of energy.
Also they approach each other with the proper orientation. =

The minimum amount of energy, required for an effective collision between the reacting species, is called
activation energy. : :

Most of the reactions are slow, showing that all the collisions are not equally effective.
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Quick Check 7.1

a. The collision frequency and the orientation of molecules are necessary
conditions a reaction to occur. Justify the statement.

" The rate of a reaction is directly related to the collision frequency. Thus more collisions
increases the chances of reaction. However, for reaction to occur, molecules must have
activation energy and must collide with proper orientation. Bonds breaking and making
only occurs at some proper orientation. If the molecules do not have porper orientation.

~then the collision may not be result in reaction.

b) What role does the activation energy play in chemical reactions?

The minimum amount of energy, requlred for an effective collision between the reactmg species, is cailed
activation energy. Only the colliding molecules with proper activation energy cross the energy barrier
and give the products.

c) How does the activation energy affect the rate of reaction?

Activation energy is required to cross the energy barrier and give products. So, -generally, higher the
activation energy, lower will be the rate of reaction. It is because number of high energy molecules
decreases as the actviation energy increases.

RATE OF REACTION
It is the change in concentration of reactants or products divided by the

_time taken for the change -

. _ Change in conc. of the substance _Ax | Define rote of
Time taken for change T Al chemical  reaction

Where Ax is a very small change in the concentration of a reactant or a product in § and give its units.
a very small time interval At. ]

As the reaction proceeds, the concentration of reactant decreases with time and the
concentration of product increases with time.

e Usually, concentrations are expressed in mol dm™ and time in sec. Therefore, units of rate are

Rate—g—m = moldm= sec-
At sec

e However, for a slow reaction the units may be mol dm=min™* or even mol dm= h*.
» For a gas phase reaction, units of pressure are used in the place of molar concentrations.

Explanation

Consider a reactant A which is changing irreversibly to the product B.
A———B

The rate of a general reaction, A — B, can be expressed in terms of rate of
disappearance of the reactant A or the rate of appearance of the product B.

Concrntrati

Mathematically, Rateof reaction= _i[tél = +£[El
where [A) and [B] are the concentrations of A and B, respectively.

In rate equation
e The negative sign indicates a decrease in the concentration of the reactant.

¢ The positivetive sign indicates an increase in the concentration of the product.
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The rate of reaction between two specific time intervals or the rate over a time period.

Instantaneous Rate ' :

The rate at any one instant during the interval is called the instantaneous rate.

e The average rate and instantaneous rate are equal for only one instant in any time interval.
e At the start of reaction, the instantaneous rate is higher than the average rate.

e Atthe end of the interval the instantaneous rate becomes lower than the average rate.

Differentiate between Average and Instantaneous rate of reaction

AVERAGE RATE OF REACTION INSTANTANEOUS RATE OF REACTION

The rate of a reaction between specific time The rate at any one instant during the interval is
intervals is called the average rate of reaction. called instantaneous rate.
Itisgivenas  Averagerate = %_—C‘ - %:3 4 Itis given as Instantaneous Rate = :—T~
o =1 A ’
It remains constant during an interval ®) It may change during an interval.
It is a constant quantity for an interval It is higher than average rate in the beginning of
: reaction and lower at the end of reaction.
It cannot give order of reaction. 5] It can be used to determine the order of reaction.

The reaction for the formation of ammonia in Haber process is:
NZ(IQJ 3 3sz = 2NH3@
i. Calculate the instantaneous rate after 1.0 min
ii. What is the average rate of production of ammonia for the system, between 1.0 and 4.0 minutes?

Solution (i)

The instantaneous rate at 1.0 min can be calculated as
AC  2.7mol dm™
= Imin
If the concentration of ammonia is 3.5 mol. dm™ after 1.0 min and 6.2 mol.dm™ after 4.0 minutes?

2.7mol dm™ min™

Instantaneous Rate =

Solution (ii)
AC=A[NH,]=(6.2-3.5) moldm™
=2.7 moldm™
At=(4.0-1.0)
-=3.0 min
Rate of formation of NHs = 6[NH3] = 2.7moldm™ =0.90moldm ~ min™*

At 3min !
The rate of production of NH3 gas over the given time interval is 0.90 mol dm?® minl.
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Quick Check 7.2
The reaction of hydrogen and iodine to make hydrogen iodide at a particular §\ L.
temperature, Hzg+Iz2— 2HIg was studied at various times. At 100.0s after the (¥ 4
start of the reaction, the iodine concentration had fallen from 0.010 mol dm™ to /> (
0.0080 mol dm™. What is the average rate of reaction during this period?

Solution
AC =A [Iz] =(0.010-0.0080) mol dm™

=0.002 mol dm™
At =100s
-3
Rate of reaction = AllL]  0002moldm” _ 2.0x10° moldm 3 s~
At 100s o

ADDITIONAL MCQs (Answers onwPage 229,
The rate of reaction determined at any given time is called

(A) instantaneous rate (B) average rate (C) both (D) none
The minimum amount of energy required for an effective collision is called

(A) Activation energy (B) Intemal energy ~ (C) Translational energy (D) None

The energy of activated complex is: '

(A) Greater then the reactants & products : (B) Less than the reactants & products-
qual to the products (D) Equal to the reactants

& MEASRING THE RATE OF A CHEMICAL REACTION

e The measurement of rate of a chemical reaction involves the determination of the concentration of reactants
or products at regular time intervals as the reaction progresses.

e To determine the rate of reaction for a given length of time, a graph is plotted between time on x-axis and
concentration of a reactant on y-axis. So, a curve is obtained. :

Example: _
Consider the decomposition of HI to Hz and 2 at 500°C. The X
data is given in the table. A graph is plotted as shown between 0.10
time on x-axis and concentration of HI in mol dm™ on y-axis. 0.09
Since Hl is a reactant, so a falling curve is obtained. 0.08 \
007 1%
Concentration 2 :
of HI (mol dm“") Aine {5) [En] S 0.04 el o
0.100 0 ' s 'S
0.0716 50 2:;‘ T stﬁk
0.0558 100 ; :
0.0457 150 o0z (- e
0.0387 200 ool .
0.0336 250 , o = . v
00296 300 50 100 150- 200 250 300 350
e The steepness or slope of the concentration-time curve reflects b
the progress of reaction.

Greater the slope of curve near the start of reaction, greater is the rate of reaction.

To measure the rate of reaction, a tangent is drawn say, at 100 seconds.
e The slope of that tangent is mesaured by drawing a triangle.
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The slcpe of the tangent is the rate of reaction at that point.
A right-angled triangle ABC is completed with a tangent as hypotenuse.
e.g. from graph, in 100 sec, the change in concentration is 0.04 mol.dm™, The rate is then calculated by using

the following expression.
Rateofreaction= % e

—

0.04mol dm™
100sec

=4x10" moldm3s™

This shows that the concentration of HI is decreasing by 2.5 moles per dm™ per second during the given interval.
If a graph is ploited between time on x-axis and concentration of any of the products i.e Hz or Iz, then a rising
curve is obtlained.

e The value of the tangent at 100 seconds will give the same value of rate of reaction as 4 x 10* moldm3s"

Rate=

a) Plot the data in Table 7 1 for HI.
’ 0 1 . - — e - R ! . 0.12
$ ' |
: m 01 -
: :gm s 008
3o 1 i
Lo z 0%
I v : % 004
‘ 0 0 100 15‘:”“ ‘;m 250 !_x:-__!\iﬂ— E 0.0_2
b) Cnlculate thc mte: after 300 s (when the concmtratlon 5 ¢
is 0.0296 mol dm™) by drawing a tangent.
At 300 s; the rate is
Rateof reaction= AC _ 0.007mol dm® _ 5x10°moldm3s! %
.- At 140sec _E
| €) Use the same method to calculate the rate of reaction ‘3
- at HI concentrations of 0.10 mol dm™, 0.050 mol dm™® s
" and 0.02 mol dm™>. §
e At0.1 moldm?s, the rate is
Rateof reaction= AC _0.08 mal dm* =7.14x10* moldms™
At 42 sec :
o At0.05 moldm™s, the rate is ‘
Rate of reaction= Al 0900 e dm™ =3.25%10" moldm™s™
At 200 sec
‘e The conc. 0.02 mol dm? is|outside the given data range
d) What do you deduce about the rate of the reaction
with time from these calculations?
The rate of reaction'decreases with time. ' :
In the beginning, the rate is very fast. At theend the rate is veryslow. -~ ¢ % 10 10 W 20 W M-
: . Time(s)
e) At which concentration, the rate is highest, and lowest?
The rate is highest in the beginning (at 0.1 mol dm™). It is because a large amount of reactant is present in the
begmmng Hence, rate is very fast, At the end (1*300 s), the rate is very slow, because amount of reactant is small.
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MEASUREMENT OF CONCENTRATION

[ S U e ————————e S S e e s
The change in concentrations of reactants or products can be determined by both physical and chemical methods.
This depends upon the type of reactants or products involved.

a) Chemical Method
This is particularly suitable for reactions in solution. In this method chemical analysis of a reactant or a product
is done.

Example:

e Consider the acid hydrolysis of an ester. (elhyl acetate) in the presence of a small amount of an acid.

CH,COO,Hy, +H,0( ——>CH,COOH, + C;H;OH,,

In hydrolysis of an ester, the solution of ester in water and the acid catalyst are allowed to react.

After some time, a sample of reaction mixture is withdrawn by a pipette. It is poured into a flash alongwith
‘about four times of ice-cold water. The dilution and chilling stop the reaction.

The acid formed is titrated against a standard alkali, say NaOH, using phenolphthalein as an indicator.

The analysis is repeated at various time intervals after the start of reaction.

This gives data about the change in concentration of acetic acid formed during the reaction at different time.
Finally, a graph is plotted between concentration of acetic acid and time to find rate of reaction.

b) Physical Methods

Some of the methods used for the measurement of concentration are as follows:

i} Spectrophotometry or colorimetry

e This method is used if a reactant or a product absorbs ultraviolet, visible or 't infrared radiation.
e The rate of reaction can be measured by measuring the amount of radiations absorbed.
e.g: The concentration can be measured using the colorimetry.

ii) Electrical conductivity method

¢ This method is used if ions are involved in a reaction.

 The conductivity of such a solution depends upon the rate of change of concentration of the reacimg ions
or the product ions.

« The conductivity will be proportional to the rate of change in the concentration of such ions.

This method is used when gases are involved and so changes in volumes occur.
The volume change is directly proportional to the extent of reaction, and changes in concentration.

L ]
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Intvestlng information :

The rates of some very fast reactions can be monitored using stopped-ﬂow spectrophotometlv inthis techn'lque,
‘very smail volumes of reactants are driven at high speed into a mixing chamber. From here they go to an
abservation cell, where the progress of the reaction is monitored (usually hy measuring the transmission. of
ulitaviclet radiation through the sample). A graph of rate of reaction against time can be generated automatically..

FACTORS AFFECTING RATE OF A CHEMICAL REACTION

e The rates at which reactants are consumed and products are formed during chemical reactions vary greatly.
* Even a chemical reaction involving the same reactants may have different rates under different conditions.
The factors affecting the rates of reactions are
1. Concentrations of the reactants 2. Temperature of the system
3. Surface area : 4. Catalyst
‘Did You Know? __ R EERC A LRSI St iR

In the case of reactions that involve gaseous reactants, an increase in pressure Increases the concentration of the
gases which leads to an increase’ in the rate of reaction. However, pressure chanxe has no effect on the rate of
“reaction if the reactants are either solids or liquids. d -

S e Mo ) »
j 8 Concentgation ol © % 9ot
e According to the law of inass action, the greater the concentration o% e 9 ° © )
of the reactants, the higher the rate of reaction. % 9= %
¢ - So, when the concentration of one or more reactants mcreases, o :
rate of reaction increases. -%# % % )
¢ This is because increasing the concentration. inceas_es the

collisions between the reacting particles. Thus, rate of reaction | Fig. The reaction in box a) will occur
increases. faster than that in, b) due to the

higher concentration.

Exercise Q2 (e) Brieﬂy summarize the effects of temperature and surface area on the rates of
reactions

yATemperature

e _Increase in temperature increases the reaction rate.
¢ The rate either doubles or tpples for every 10 °C rise in temperature.

e Molecules at higher temperatures have more thermal energy. So, they collide more frequently and with greater
\ energy. So, the rate of reaction increases.

A

(Maxwell-Boltzmann dist: ibution 'cug;_q
o The distribution of energies at a given
- temperature is shown in graph. This is called the

Bolizmann distribution.

o This, graph shows that in a reaction,

v afew particles have very low energy
v a few particles have very high energy,
v many particles have intermediate energy.

e The total area under the whole curve represents
the total number of particles. :

o The activation energy is the minimum energy 0 Molecular energy
required for colliding particles to convert into the product.

E - at and above this encrgy the molecules
have enough energy to collide efiectively

= Number of molecular
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The shaded area shows the number of particle$ with energy greater than the activation energy, Ea.
When the temperature of a reaction is raised, the average kinetic energy of the particles increases.

e The reacting particles move more quickly at a higher temperature. So, more frequent collisions occur. Thus,
the ratio of fruitful collisions also increases greatly.

e Hence, following changes occur in the Boltzmann distnbutlon curve.
v At the higher temperature, the curve becoms flatten and the peak shifts to the right.
v For 10 °C rise in temperature, the shaded area under the curve approximately doubles.

e Hence, increasing the temperature increases the rate of a reaction.

A
: ! Ea(Actvation
T, t G
The peak lowers and shifts to
T2 > T1 ! the right.
Fraclion of Collisions Greater fraction with
enough energy to react

Collision Energy

Fig. The Bolizmann distribution of molecular energies at temperatures Tiand T:

Quick Check 7.4
a) What is the Boltzmann distribution curve?
See page 214. Effect of temperature

b) Explain why a 10°C rise in temperature approximately doubles the rate of a
reaction.
When the temperatire of a reaction is raised, the average kinetic energy of the particles
increases.
For 10 °C rise in temperature, the number of molecules having activation energy becomes double Thus,
the rate of reaction is also becomes double.

By increasing surface area, contact between reacting molecules increases.™

Hence rate of reaction increases.
Example How surface area dffects

CaCOs in big pieces react slowly with HeSO4, but it reacts rapidly in powdered 1 the rate of a chemical

form. reaction?
P¥catalyst] [What is a catalyst? How it increases the rate of reaction?]

A catalyst is defined as a substance which alters the rate of a chemical rem
chemically unchanged at the end of the reaction. d < o _—

A catalyst is often present in a very small amount.
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Function of a Catalyst . \
e A catalyst provides a new reaction path with a low activation energy. Thus, a greater number of molecules are
now able to get over the new energy barrier and re?cﬁan rate increases.

‘ :
o : Exercise Q.5 : How does the
Enegy /‘\ """ Actvaton Eﬂﬂfﬁ! activation energy profile of an
: . 7 \ withcut umlys! unanalyzed reaction compare with
H \ | that of the catalyzed reaction?
..It...- sosalans ‘ thm m)‘ - ; -
| /\‘ l whaRlys! Exercise Q2(j) : A catalyst lowers
Reactans WYy the activation energy of a chemical
SRR reaction. Illustrate it.
Procucs
>
Progress of reacticn

Figure: The energy path diagram for an uncatalyzed and a catalvzed reaction

Examples:
Ex;:xmple-l: the reaction between Hz and Oz to form water is very slow at ordinary temperature, but proceeds
more rapidly in the presence of smalle amount of Pt which act as a catalyst.

2Hz+ 02— 2H20

Example 2: KCIO; decomposes much more rapidly in the presence of a small amount of MnOs.
2KCIO; —2%—2KCI+ 30,

Example 3: HCl is oxidized to Cl; in the presence of CuCla.
4HC1+0; —%% 3 2H,0+ 2Cl;

\DDITIONAL M CQS (Answery onPage 229
1. With the 10°C rise in temperature, the rate of reaction '
(A) becomes double (B) becomes triple (C)becomes half (D) remains unchanged
2. The energy of activation of forward reaction is less than that of backward reaction in.
(A) Endothermic reactions (B) Exothermic reaction
(C) Isothermic reaction (D) None of the above
3. The energy of activated complex is: -
(A) Greater than the reactants & products (B) Less than the reactants & products
(C) Equal to the products (D) Equal to the reactants
4. For reactions involving gaseous reactants, the concentration can be increased by
(A) increasing pressure (B) decreasing pressure
(C) increasing temperature (D) decreasing temperature
5. The units of rate of reaction are
(A) mol dm™ (B)moldm®s* (C)moldm®s (D)moldm™ s
6. For which type of reactions, the volume change method is suitable to follow the reaction.
(A) ionic reactions  (B) solid state reactions (C) gaseous reactions (D) solution phase reactions

& studyplusplus.com & 216



CATALYSIS
The process, which takes place in the presence of a catalyst, is called catalysis

Types of Catalysis

iIllHomogeneous Catalysis [What is homogeneous catalysis? Give an example]
In this process, the catalyst and the reactants are in the same phase and the reacting system is
homogeneous throughout.
The catalyst is distributed uniformly throughout the system.

Examples

i. InLead Chamber process of manufacturing sulphuric ac1d the formation of SO3g from SOz and Oz, needs
NO( as a catalyst. Both the reactants and the catalyst are gases.

2S0:(g)+ Oz(-g) —'\ﬂ-‘-’—-*) 2S0;g

ii. Esters are hydrolyzed in the presehce of HzSOa. Both the reactants and the catalyst are in the solution state.
CH;COOCH;CH;g+H:0p —— CH;COOH+ CHsCH:OH,

‘Did you Know! 3 - : 7 - &
Biochemical catalysts, €q mmonly known as enzymes (nature s cata lystyare essentrai molecules in Iwi ng orgamsms
function by lowering the activation energy required for a chemical reaction to proceed, thereby increasing the_
reaction rate. Enzymes are typically proteins. Factors' such as’ pH, ternperature, and the concentration of substrate__
_molecules can mﬂuence enzyme activity. . : R

i lHeterogeneous Catalysis [What is heterogeneous catalysis? Give an example]
In such systems, the catalyst and.the reactants are in different phases. :
Mostly, the catalysts are in the solid phase, while the reactants are in the gaseous or liquid phase.

Examples:
1. Oxidation of ammonia to NO in the presence of platinum gauze during manufacturing of HNO:

4NHsp+502p —22CC 5 ANOy+6H:0¢

2. Hydrogenation of unsaturated organic compound§ are catalysed by finely divided Ni, Pd or Pt.
CzHyg+Hzg —hjﬁi"‘) C2Hg(g

Differentiate between homogeneous and heterogeneous catalysis.

HOMOGENOUS CATALYSIS
In this catalysis, reactants and catalyst are in the same
phase.

In this, system remains homogenous during the
reaction.

Mostly. liquids and gases are used as homogeneous

catalysts. -

HETEROGENOUS CATALYSIS
In this catalysis, reactants and catalyst are in the
different phase.

In this, system remains heterogeneous during the
reaction

. Mostly solid are used as heterogeneous catalysts.

Example: Example: .
4l 2502 + Ogr® 2503@ NO is homogeneous il 25032 + Oggr=VY29% 2S04 V2Os is
Qatalyst heterogeneous cotalyst . o
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Interesting Information ‘
Vitamins are organic compounds that act as catalysts fin biochemical reactions, especially when they function as
coenzymes. Coenzymes are organic molecules that help enzymes catalyze reactions more efficiently. For example,
Vitamin K, is necessary for blood clotting. Low levels of vitamin K can cause bleeding diathesis. A lack of vitamins can,
disrupt metabolic balance in cells and organisms. Vitamin deficiency is an example of a cofactor deficiency.

Quick Check 7.5 | |

a) Can a catalyst be consumed in a chemical reaction? Why or why not?
A catalyst increases the rate of reaction. It provides a new reaction path with a low activation
energy barrier. It is not changed in mass and composition at the end of reaction. So, it is
not consumed in the reaction.

b) Explain whether the reaction below is an example of heterogeneous or
homogeneous catalysis.

2502 + Oz —2&EH 5 250y,
In this reaction both reactants are gases but the catalyst is solid. So, reactants and catalyst are in different
phases. Hence, this is an example of hetereogeneous catalsysis.

c) Draw an energy profile diagram to show a-typical uncatalysed reaction and an enzyme
catalysed reaction.
On your diagram show:

i) the activation energy for the catalysed and ii) uncatalysed reactions '
'

Ene'gy e e W T T EnE!I'E-W
r/\ without ctalyst
Foomk | & Actvasan Enogy

_ l.’/ \\I | whatlyst
_Reactns f vy
Procucs

Y

Progress of reacicn

DDITIONAL MCQS (Answery ovw P age 229
" 7. In homogeneous catalysis, which are in same phase?
(A) reactants and products (B) reactants and catalyst
(C) products-and catalyst (D) none of these
8. A catalyst increases the rate of reacting by

(A) decreasing activation energy (B) decreasing enthalpy

(A) decreasing reactants energy (B) decreasing products energy
9. Hydrolysis of ester by sulphuric acid is an example of

(A) homogeneous catalysis (B) heterogeneous catalysis

(C) promoton catalysis . (D) activation catalysis
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RATE LAW
The representation of rate of a reaction in terms of concentration of the reactants is known as

rate law.
e The rate of a chemical reaction at a given temperature may depend on the concentration of one or more

reactants and products.
¢ A rate law is an equation that relates the rate of a reaction to the concentrations of reactants raised to various

powers according to the experimental data.

Example and Explanation
e For a general reaction between A and B where ‘a’ moles of A and ‘b’ moles of B react to form 'c’ moles of

C'and 'd’ moles of D.
aA + bB —— ¢C + dD
The rate equation as:
Rate = k [A]* [B)® -
e Where x and y are the experimentally determined values. These may or may not be equal to the coefficient
' of reactants in the balanced chemical equation, as ‘a’ and ‘b’ in the above equation.
o -This expression is called rate equation.
e The brackets [ ] represent the molar concentrations.
e The proportionality constant k is called rate constant for the reaction.

RATE CONSTANT

The specific rate constant of a chemical reaction is the rate of

reaction when the concentrations of the reactants are unity
. ' What is specific rate
Explanation constant?

e Consider general reaction : OR
aA+bB — cC +dD Explain what is meant by
The rate equation as: ' _ (1 the specific rate (rate
- Rate =k [A]*[B)* copstant} of a reaction and
e The proportionality constant k is called rate constant for the reaction. how itisrepresentedin rate
If [A] =1 moldm®and [B} = 1 mol dm™ i ool o

ThenRate =k X 1* X 1¥ = k 3

e The rate constant is defined as the rate of reaction when the ° &
concentrations of the reactants are unity.
e Under the given conditions, k remains constant, but it changes with temperature.

DDITIONAL MCQs (Answery onvPage 229
10.Specific rate constant is equal to rate of reaction, when concentration of reactants are:
(A) Zero (B) Four (C) Three (D) Unity

11.The unit of rate constant depends on

(A) order of reaction (B) molecularity (C) number of reactants (D) all of above
12.The unit of rate constant for a first order reaction is '

(A) mol dm= (B) mol dm=s? (C) mol dm=3s? (D)s?! -
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REACTION ORDER
Exercise Q.3 Relate the order of a reaction to the rate law for the reaction. How do you
distinguish between zero order, first order and second order reaction?

The order of a reaction with respect to a specific reactant is the exponent applfed to that reactant’s
concentration within the rate equation

Example and Explanation
e Consider a general reaction

~ aA+bB ——>cC+dD
The rate equation is:
Rate = k [A]* [B]
In this equation
‘x is the order of reaction with respect to A

v is the order of reaction with respect to B
The sumis x + y = n. The sum ‘n’ is called overall order of reaction

e X anq y are the experimentally determined values. _

- The order of a reaction defines how the reactant concentration inﬂl.!enc_es its rate.

e For a single-reactant, the order is simply the concentration’s power in the rate equation.

¢ The order of reaction provides valuable information about the mechanism of a reaction.
Example

Consider the reaction of nitrogen (II) oxide (NO) wlth Hz and oxygen:
2H2@ + 2N0@'-—) Nzw + HQO@

The experimental rate equation is
rate = k[H:][NO)?
This rate equation shows that the reaction is
o first-order with respect to Hz
e second-order with respect to NO
¢ third-order overall (1 + 2 = 3)

Keep in Mind

The order of reaction is given by the sum of all the exponents to which the concentrations in the rate equation
are raised. It is important to note that the order of a reaction is an experimentally determined quantity and
cannot be inferred simply by looking at the reaction equation. The sum of the exponents in the rate equation
may or may not be the same as in a balanced chemical equation

Quick Check 7.6

a) How order of reaction is derived from the rate law?
' Consider the reaction
2H2 + 2NOy ——> Nz + H20
' The experimental rate law is '
rate = k[H:][NO]2
This rate equation shows that the reaction is
o first-order with respecttoH:
e second-order with respect to NO
So, the overall order of reaction =1 + 2 =3
Hence, the reaction is third order
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represented in rate equation.

b) Explain what is meant by the specific rate (rate constant) of a reaction and how it is
See 219

Typés of Reaction Order

Zero Ordf.::_Rcactigr_l

[What is a zero order reaction? Give an example]
The rate of a zero order reaction is independent of the concentration of the reactants.

A change in the concentration has no effect on the speed of the reaction.
For the general reaction: .

A — Product
Rate = k [A]°
Examples:

(1) Hzg + Clz——> 2HClg
Rate = k [Hz]°[Cl2)° = k\

(i1) 2NHs -——}Nz+3H:
Rate = k [NH;3]° = k

(iii) Photochemical reactions are usually zero order

First Order Reaction

[What are first order reactions? Give an example]
A reaction for which sum of the exponents of the concentrations in the rate equation is 1.

In these reactions, there may be multiple reactants present, but concentration of only one reactant will change
during the reaction. -
Example:

Decomposition of nitrogen pentoxide involves the following equation.
2N;0s5 —>2N204 + Oz

The experimentally determined rate equation for this reaction is:
- Rate = k[N20s] (n = 1)

This equation suggests that the reaction is first order with respect to the concentraﬁpn of N2Os.

Second Order Re_action

[What are second order reactions? Give an example]
A reaction for which sum of the exponents of the concentrations in the rate equation is 2.

A reaction can be second order in two ways.
L]

When rate depends either on the concentration of one reactant raised to the second power
Rate =k[A]> (n = 2)

» When rate depends upon the concentrations of two different reactants, each raised to the first power.
__ Rate = k [A]'[B]' (n = 1+1 = 2) '

e The simpler type of reaction involves one kind of reactant molecule.
Exam :

Oxidation of nitric oxide with ozone is first order with respect to NO and first order with respect to Qs.
NOy + O3y —— NOyy + O29

Rate = k[NO][Os]
The sum of the individual orders is two (1+1=2). Hence it is a second order reaction.
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[What are third order reactions? Give an example]

Rate =k[A]® (n=3)
or Rate = k [A]%[B]" n=2+1=3) .
or Rate = k [A]'[B]Y[C]' (n=1+1+1 = 3)

Example 1

2FeClsng + 6Klag ——> 2Felz(q + 6KClug+I2
This reaction involves eight reactant molecules. However, experimentally it is a third order reaction.
Rate = k[FeCls] [KI]?

Example 2

2NOy + Ong —> ZNOs
Rate = k[NOJ?[Os]"

Fractional Order Re_actio_ﬁ

b teadiong, U o [Order of reaction can be in fraction. Justify?]
A reaction in which the sum of exponents of rate equation is in fraction. :

Example: Consider the formation of carbon tetrachloride from chloroform.
CHClsg + Clzg ——> CCls + HCly :
Rate =k[CHCl;] [Cl:] * -n=1+12=15

Reactions involving free raﬁioufs often show fractionaf orders. _
T T e T T A S S e TR e e e e e T VE T
UNITS OF RATE CONSTANT

e The rate constant is specific for a particular reaction at a certain temperature.
e The units of concentrations are mol dm™ . The units of the rate of reaction are mol dm™ s™.
e The units for k depend on the order of the reaction and the units of time.

General Equation for n™ order reaction is:
Rate = k [Reactants]™

where n = order of reaction
- &’
ke Rate _ moldm g1
[Reactants]" (mol dm-a)“

ork = (mol dm>3)*-" g*

or k = (concentration)* " s~
This equation can be used to determine units of any order of reaction.
* For a zero order reaction (n = 0),

k = (mol.dm=)*° s
k = mol.dm= s
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e For a first order reaction (n =-1), the rate is directly proportional to the concentration of one reactant.
Thus, k = (concentration)'~"™ s :

-3)151 gl

-3)0 s-l

k = (mol.dm

k = (mol.dm

k=s!
Therefore, the units of k for a first order rate constant are s™.

sec nd rder reaction (n_ = :
» Foritsmcond owlermecton (1= 3, E

Thus, k = (concentration)'

-31-2 —l
(mo}ldm 3) 5 “~==—| Determine the units of
k mol clml : - ) rate constant for  a
k = dm® mol second order reaction?

The units of k for a second order rate constant are dm® mol™ s™. i

» Forathird orderreaction n=3), ' g ¢

concentration)!-" s . >
S, Em ol dm_gtllog) 1 Determine the units of
k mol2 dm?® s >t rate constant for a third

k = dm® mol2 ¢! ord'er reaction?

Therefore, the units of k for a third order rate constant are dm® mc::ul‘2

Quick Check 7.7 ‘

a) Calculate the overall order of reactions which have the rate expressions:
i) rate = k[NOJ? [NH,]°
This rate equation shows that the reaction is
e Second order with respect to NO
e zero order with respect to NH,
So, the overall order of reaction = 2 + 0 = 2
Hence, the reaction is second order

ii) rate = k[BrO;][Br][H*]?
This rate equation shows that the reaction is
e first order with respect to BrO4 '
e first order with respect to Br
e second order with respect to Br
So, the overall order of reaction = 1 + 1 +2=4
Hence, theorehcal[y it is 4" order

b) Why do you think chemists want to know the order of a reaction and the rate constant for a
reaction?

The order of reaction help find out the mechanism of reaction

The rate constant describes the speed of reaction at-a given temperature.

Thus, for any reaction a chemisal always determine both: these parameters

c) Why the sum of the coefficients of a balanced chemical equation is not necessarily
important to give the order of a reaction?

The order of reaction is determined from the expenrnental rate law. Therefore the co-efficients in
balanced chemical equation has no relation with order of reaction.
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‘e.g., consider the reaction

The experimental rate law of this reaction is
Rate = k[H,][NOJ* '

Hence, its order is 1+2 = 3 (third order reaction)

However, the sum of co-efficients in balanced chemical equation =2+2 = 4.
e e e e e T Ay oA S T, S It ety o e ey

: DETERMINATION OF RATE CONSTANT

B e S e e
Exercise Q.4 How do you find the numerical value of a rate constant by initial rate and half-life

methods? :
The rate constant (k) of a reaction can be calculated using the following two methods:

Initial oncentratio_ljl Method

In the presence of hydrogen ions, hydrogen peroxide, H,O,, reacts with iodide ions to form water and
iodine: - '
H,0

- +
20a) T Zliaq) +2H)

e The rate equation for this reaction is:

rateof réaction== H;Oz

The progress of the reaction can be followed by measuring the initial rate of formation of iodine.
The data is given in the table below.
The k is calculated using the data for experiment 1.

—>2H,0, 1y,

Step 1: Write out the rate equation.

rateof reaction= . Hl_zoz

Step 2: Rearrange the equation in terms of k

_ mtex[r ]
- [HO,]

Step 3: Substitute the values

e 3.5x107°x (0.0100) —1.7%102dm® ol s”
(0.0200)
Table 7.2: Effect of change in concentrations of reactants on the rate of reaction
Experiment H,0,)/ [I'}/ moldm™ [H*Y ‘Initial rate of
moldm™ : moldm™ | reaction/moldm™ s™*
1 0.0200 0.0100 . 0.0100 3.5x10°
2 __0.0300 0.0100 0.0100 5.3 X'10°°
3 ) 0.0050 0.0200 0.0200 1.75 x 10°°

The concentration of hydrogen ions is fgnoréd because [H*] does not appear in the rate equation. The
reaction is zero order with respect to [H*].
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Half-Life Method [Define half-life time of a reaction. How half-life time is
realted to the rate constant of a first order reaction?)

Half-life is the time taken for the concentration of a reactant to fall to half of its oﬂgfnal value.
e [tis denoted by ti2
¢ To determine rate constant (k) half-life time is measured for a reaction.
e For a first-order, then the rate constant and the half-life of the reaction are |

related as _
0.693 i : :
=_t_ : | How rete constant of a
vz . { first order reaction can
Example : | be determined by half-
e A sample of hydrogen peroxide has a half-life of 2 hours. =t life method?
e It decomposes in a first-order reaction. '
¢ Half-life of the reaction = (tw) = 2 hours= 2 X 60 X 60 = 7200 s
e Hence rate constant is '
0 693  0.693 Z§n)
L 7200 - =9.6x 10. 5

Sample Problem 7.2

The first-order reaction cyclopmpane to propene, for which the half-life is 17.0 min, Calculate the
rate constant of this reaction.

Solution:
Half-life of the reaction = tx =17 min = 17 % 60 = 1020 s
Hence rate constant is
i 0.693

ty2
0.693
1020s

k=

=679x10™s™

Quick Check 7.8

Consider a first-order reaction with a half-life of 15 minutes. If the initial

concentration of the reactant is 0.100 mol dm™, calculate the rate constant (k) for
the reaction.

Solution

Half-life of the reactlon =ty=15min = 15 x 60 =900s
Hence rate constant is

2 0-693
tl-'z
0.693
900s

k=

=7.7%x10%s"
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(Answers onw Page 229
13.1f 75% of any given amount of radioactive element disintegrates in 60 minutes, the half life of
radioactive element is: :
(A) 20 minutes  (B) 30 minutes (C) 45 minutes (D) - 25 minutes
14.When a reaction proceeds in sequence of steps, the overall rate is determined by: 3
(A) fastest step (B) sloweststep = (C) molecularity of all steps (D) order of different steps

15.Half-life period for 2° U is: .
(A) 710 million years (B) 720 million years (C) 810 million years (D) 820 million years
16.The half life period of %, U is 710 million years. 100 kg of sample of *;U will reduce to 50kg in
(A) 710 million years (B) 1420 million years {C) 2130 million years(D)2840 million years
17.The half life period of }'Cis 5760 years. 100 mg of sample of ;' C will reduce to 25 mg in
~ (A) 11520 years- (B) 2880 years + (C) 576600 years (D) 5760 years
18.All radioactive disintegration nuclear reactions are of -
'(A) first order (B) second order (C) Third order (D) zero order

19.The unit of rate constant for zero order reaction is:
(A) dm®s™ - (B) moledm=>s" (C)dm® mole's? - (D) moles™

20.2A + B —> Product: If the reactant ‘B’ is in excess, the order of reaction with respect to ‘A’ in given rate

law, Rate = k[A)]?[B] is:

(A) 2nd order reaction (B) 1st order reaction (C) Pseudo 1st order reaction (D) 3rd order reaction '

21.Which one of the following correctly represents the units of the rate constant, k for a first order reaction?

(A) st (B) mol dm™s (C) mol dm™s™! (D) mol* dm?®s
22 .The two'steps involved in the gas phase reaction
X+2Y —- XYz areshown below
L X+Y 222y XY ..
‘il XY+Y—=—» XY, What is the rate equation for the overall reaction?
(A) Rate = K [x]°(v]" (B) Rate= K[x]°[v]* (C) Rate= K[x][y]® (D) Rate = K[xy]'[v]!
23.Decomposition of Ozone take place according to the following equation. 203(g) — 302(g),
Rate equation for the reactionis  Rate k=[03]*[O2])"*, What is the order of the reaction?
(A)3 (B) Zero (C) 2 (D)1
24.The unit of rate constant for zero order reaction is:
(A)dm®s'  (B) moledm®s? (C)dm?® mole's? - (D) moles™
25.The order of reaction for suppose a single step reaction NO+0O3 = NO2z + Oais
(A) two (B) three (C) one (D) zero
*26.A certain reactiori is first order in Hz and half order in Br the rate Iaw for the reaction is
(A) Rate =k [He] [Bra]? (B) Rate = k [Hz] [Brz)’
(C) Rate = k [Hz] *? [Brz] 1 (D) Rate = k [Hz] *# [Brz)*?
27.The equation for the formation of CClyis: CHCls + Cl. - CCls + HCl
The rate equation is Rate = K[CHCl3][Cl2]", The order reaction is
. (A)-1/2 (B) 3/2 (©) 2 (D) 3/2
28 When a reaction occurs in many steps than the slowest step is
i (A) Mechanism determining step (B) Enthalpy determining step
(C) Rate determining step (D) None of the above.
29, Half-life period of a first order reaction is independent of
(A) Initial concentration of the compound (B) Conditions of temperature
(C) Presence of catalyst. i (D) All the above
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REACTION MECHANISM

A reaction mechanism is a detailed, step by step description of how a chemical reaction occurs
at the molecular level to yield the product(s).

Unlike the overall balanced chemical equation, which only shows the reactants and products the reaction
mechanism- reveals the actually happening individual steps (called elementary steps) that lead to the
formation of products. -

Each of these steps represents a single molecular event, such as the breaking or forming of bonds.

Many reactions do not occur in a single step, but rather proceed through a series of steps.

Each step is called an elementary reaction and is directly caused by the collision of atoms, ions or
molecules. -

The number of reactant molecules involved in an elementary step is called its molecularity.

A unimolecular elementary reaction involves only a single reactant molecule.

Example
The example of a unimolecular reactions is the decomposition of N2Os.

NzOsg —— NOzg + NOsy

An elementary reaction that involves two atoms, ions or molecules and is called bimolecular. For exam ple;

CO + NOsgy ——> NOzy + COgy
NOy + O3y ——>NOz4q + Oy

A termolecular reaction step involves the simultaneous reaction of three molecules. Such reactions are rare.
An example is the reaction between oxygen molecules and atomlc oxygen to form ozone in the stratosphere
or during smog formatlon

2029 + Ow — 03@ + 024

Intermediates are short lived species (ions or free radicals) that are produced in one step of the mechanism
and consumed in a subsequent step. They do not appear in the overall balanced equation because they are
not stable products.

Rate Determiniﬁg Step  [What is rate determining step of a reaction? Give an example]

In many reaction mechanisms, one step is significantly s!ower than all the others, this step is called
the rate-determining step.

This step controls the overall rate of the reaction because it limits the speed at which the reaction can
proceed. )

The balanced equation for the overall reaction is equal to the net result of all the individual steps.

In a chemical reaction, any step that occurs afterthe rate-determining step will not affect the rate, provided
that it is compared with the rate-determining step. _

So the atoms, ions or molecules taking part in the mechanism after the rate-determining step do not appear
in the rate expression.

All reactants that appear in the rate-determining step will also appear in the rate equation. Because the
rate-determining step limits the rate of the overall reaction.

The order of a reaction can be obtained from the rate determining step.

Example 1

Consider the following reaction:
2NOy + 2H3 —>2H;0, + Nz

In first three experiments the concentration of Hz is increased by keeping the concentration of NO constant.

e Bydoubling the concentration of Hz, the rate is doubled. By tripling the concentration of Hz, the rate is tripled.
+  So, the rate of reaction is directly proportional to the first power of concentration of H.
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Rate oc [Hz]
e In the next three experiments, the concenitration of Hg is kept constant.

¢ By doubling the concentration of NO, the rate increases four times. By tripling the concentration of NO the
rate is increased nine times..

e So, the rate is proportional to the square of concentration of NO.

[NO] in (mol dm’) [He] in (mol dm’ ) ~Initial rate (atm min’)

0.006° 0.001° : 0.25!

0.006 .0.002 ' 0.050

0.006 - 0.003 e <=2 0.0075

0.001 0.009 ' 0.0063.

0.002' . : 0.009 ' 0.025

0.003 - 0.009 0.056

Rate x [NO)?

¢ The overall rate equation of reaction is,
Rate < [H*][NOJ?
or Rate = k[H?]'[NO}?
e - Hence, the reaction is a third order one.
e The final equation is the rate law for this reaction.
e The possible mechanism consisting of two steps for the reaction is as follows.
Step 1: 2NOg + Hyy —22> Njg+ H:024 (rate determining step)
Step 2: HyO2+ Hag —fed 2H;0 .
The step 1 is slow and rate determining.

Example 2
¢ Consider the reaction between nitrogen dioxide and fluorine gas:
2NO2g + F2iy —— 2NO:Fy
e This reaction is first order in NO, first order in Fz and second order overall. .
¢ The experimental rate law is first order in NOz and in Fa:

Rate = k [NO;][F:] (Observed)

e The accepted mechanism for the reaction is: .
Step 1: NOyy + F2 —23 NOzFy + Fg. Rate = k;[NO;][F:]
Step 2: NOqy + Fg —22 > No,:F“,J " Rate = ko[NO:][F]

The first step is slow and determines the rate, in agreement with the observed rate express;on
e The second and fast step does not affect the reaction rate because fluorine atoms react with NO; as soon
"as they are produced.

Quick Check 7.9 |
An acidified solution of hydrogen pemxide reacts with iodide ions.
H,0. +‘2H{+ + 2. 2H O{,)

2(aq) ~(aq) Loten)

The rate equation for this reaction is rate = [H:0;] [I']

The mechanism below has been proposed for this reaction.
H:0: + I'—™ H,0 + 10"
H*+ 10—, HIO
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HIO + H* + 251, + H.0
Explain why this mechanism is consistent with the rate equation
For any reaction, slow step is the rate determining step. Thus, the order of reaction depends upon this step.
In given slow step one molecule of H:O2 and one ion of I". is taking part in the reaction.
Thus, the rate law from slow step is
Rate = k [H20,] [I')
So, this equation is same as the experimental rate law.
Hence, the given mechanism is consistent with the rate equation.

30.The maximum point in a potential energy diagram represents
| (A) reactants (B) products  (C) intermediate (D) activated complex
31.1f a potential energy diagrams has more than one maxima, then it shows that
(A) the reaction is multi-step (B) intermediates are involved

(C) the reaction has a slow step (D) all of the above
32.In a potential energy diagram having more than one maxima, the maxima with highest energy of activation
is the ! _
(A) Mechanism determining step (B) Enthalpy determining step
(C) Rate determining step (D) None of the above.

AD
) # ) # D# A A 0O # ” # A D #
= ! A 2 A 3 A 4 | A 5 B 6 C 7 A 8 | A
9 A |10/ D |11 ]| A |12 | D |13 | B |14| B |15| A |16 ]| A
17| A |18| A J]19| B |20| A |21 | A |22 C |23| D |24 | B
25 A |26 A |27 | B |28/ C |[29] A |30| D |31]| A |32 C
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Exercise

T e T e e e S o e e e
Q1 MULTIPLE CHOICE QUESTIONS

I.  The rate of reaction:
a) Increases as the reaction proceeds
b) Decreases as the reaction proceeds
¢) Remains the same as the reaction proceeds
d) May decrease or increase as the reaction proceeds
II. Increasing the temperature of a chemical reaction increases the rate of re.action because:
a) Both the collision frequency and collision energies of reactant molecules increase
b) Collision frequency of reactant molecules increases y
¢) Activation energy increase :
d) Activation energy decrease
1Il. Consider two reactions with different activation energies at the same temperature. The
reaction with the lower activation energy will have:

7

.

a) A smaller rate constant b) A larger rate constant

¢) The same rate constant d) A rate constant that depends on the enthalpy change
IV. The order of a chemical reaction, that is independent of concentration is:

a) Second order reaction b) First order reaction

¢) Zero order reaction - d) Pseudo first order reaction
V. On a Boltzmann distribution curve, the area under the curve represents:

a) Activation energy of the reaction. b) Total number of molecules in the sample.

c) Average kinetic energy of the molecules. d) Rate constant of the reaction.

VI. On a Boltzmann distribution curve, the activation energy (E.) is represented by:
a) The height of the peak
b) The area under the entire curve
c) A vertical line drawn at a specific kinetic energy value
d) The difference between the peak and the X-axis
VII. If we double the concentration of a reactant, the rate increases by four times, the reaction is:

a) Second order b) First order ¢) Third order d) Zero order
VIII. The rate determining step in a multi-step reaction is: :
a) Always the first step  b) Always the laststep  ¢) The slowest step d) The fastest step

IX. The reaction NO; + CO — NO + CO: occurs in two steps. What is the rate law equation for
this reaction?
] 2N02 — NO+NO: (ki) slow
NO;: + CO— CO:+ NO: (k2) fast
a) R = ki [NO2J® b) R = ke [NO][CO]  ¢) R = ki [NO] d) R = ki [NOzJ*

X. How does the presence of a catalyst affect the rate of a chemical reaction?

a) It always decreases the rate of the reaction.

b) It always increases the rate of the reaction.

¢) It increases the rate of the forward and decreases the rate of the reverse reaction.
d) It increases the rate of both the forward and reverse reactions.

X1l. On an energy profile diagram, the presence of a catalyst is represented by:
a) A higher peak representing the activation energy.
b) A lower peak representing the activation energy.
c) A change in the energy level of the reactants or products.
d) A shift in the equilibrium position.
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XIl. The units of the rate constant (k) for a reaction depend on the:
a) Activation energy of the reaction
b) Temperature of the reaction
c) Overall order of the reaction
d) Stoichiometry of the balanced chemical equation

XIII. A first-order reaction has a half-life (t..) of 20 minutes. What is the value of its rate constant (k)?
a) 0.05 min™* b).0.693 min™ c) 0.0347 min™! d) 13.86 min’!

ANSWERS TO MULTIPLE CHOICE QUESTIONS

EXPLANATION
According to the law of mass action, rate of a reaction is directly proportional to the product of
I. b concentrations of reactants. As the reaction proceeds, the concentration of reactants decreases.
Hence, rate of reaction also decreases.
Increase in temperature increases the collision frequency and colhsnon energies of reactant

. . molecules. Thus, rate of reaction increases.
| m b Increase in activation energy decreases the rate of reaction.- Hence, reaction with lower
’ activation energy will have a larger rate constant.
Consider a reaction A -  Products .
V. c If this reaction is a zero order reaction then its rate equation is given as Rate = k[A]°=k
It means that the rate of reaction is independent of the concentration of reactant.
V. b | The area under the curve represent the total number of molecules in the sample.
The activation energy is shown by a vertical line drawn at i
a specific kinetic energy value. L b gy ki
VI. c i e mmgh ey 20 v sty
. : ='__M .
If conc. of reactant is doubled then rate of reaction becomes four times. Thus. rate depends upon
o 2™ power of concentration of reactant.
% a

So, Rate a. [reactant]?, if conc. is doubled then Rate a [2]* = 4 times
Hence, the reaction is second order.
VIII.| a | The slowest step is the rate determining step.

IX. Since, the slowest step is the rate determining step. Hence, according to slow step the rate law
2 | for the reactionis R = k; [NO2)?

xX. b | By definition, a catalyst increase's‘ the rate of reaction without being consumed in the reaction.
XI b A catalyst provides an altemate path with low activaticn energy. Hence, in an energy profile
z ‘diagram it is represented by a relatively lower peak representing the activation energy.

XIl - The units of rete constant depends upon overall order of reaction. e.g. for zero order reaction
) Rate = k[A]°=k . Hence, units of ‘k’ is moldm—3*s?
XIIIL. c For a first order reaction, tyz = 0.693/k or k = 0.693/ty, = 0.693 / 20 = 0.0347 min™
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Q2 SHORT QUESTIONS

(@ What do you understand by the rate of a reaction?

It is the change in concentration of reactants or products divided by the time taken for the change
.Change in conc. of the substance *E
Time taken for change ] T A

Rate =

where Ax is a very small change in concentration of a reactant or a product in a very small time interval At.

(b) Give the difference between enthalpy change of reaction and energy of activation of reaction

Enthalpy Change Activation Energy
It is the heat absorbed or released during a | It is the minimum energy required to form an
reaction at constant pressure. _ | activated complex and thus to start a chemical
' ' reaction.

It is denoted by AH It is denoted by Ea

It is the enerqgy difference between reactants and | It is the energy difference between reactants and
products. ' ' the transition state (activated complex).
It gives the net heat transfer during a reaction. It is related to the rate of reaction.
It shows the endothermic or exothermic nature of | Higher the Ea, slower the rate of reaction.
reaction.
It is a thermodynamic property. | It is a kinetic property. -
| Catalysts do not affect AH. ' Catalysts lower Ea. Thus, rate of reaction
: ' increases. :

(c) Differentiate clearly between order and moleéulaﬁty of a reaction.

ORDER OF REACTION MOLECULARITY

It is the number of atoms, ions or molecules It is the number of atoms, ions or molecules used to form
whose concentration changes during reaction. activated complex.

It is assigned to the reaction as a whole. For multistep reactions, it is assigned to each step separately
It can be zero : It cannot be zero

It can be in fraction ° It cannot be in fraction

It is determined experimentally ] 1t is assigned theoretically

The reactions are classified as zero order, first The reactions are classified as unimolecular, bimolecular
order efc. ; efc. '

(d) Why the instantaneous rate changes during a reaction?
According to the law of mass action, the rate of a chemical reaction is directly proportional to the
concentration of reactants.
When the reaction starts, the concentration of reactants is high, therefore, rate of reaction is fast. As the
concentration of reactants is decreased, the rate of a reaction is also decreased. At the end of reaction, the
reaction becomes very slow. Hence, instantaneous rate of reaction is changes during a reaction.

(e) Briefly summarize the effects of temperature and surface area on the rates of reactions
Page 214 : :
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o

Justify that the radioactive decay is always a first order reaction

The rate of radioactive decay depends on the amount of radioactive substance. Since only one substance
(reactant) is involved in this process, therefore, it is always a first order reaction. Moreover, the half-life time
for the radioactive decay of a particular substance is also constant. Hence, it is a first order process.

()

A reaction is second order with respect to a reactant. How is the rate of reaction affected if
the concentration is doubled and reduced to half?

For a general second order reaction, the rate equation is
Rate = k[reactant)?,
If conc. is doubled then Rate o [2)* = 4 times.
Hence, the rate of reaction will increase four times of the original rate.

If conc. is reduced to.one half then Rate o [1/2]* = 1/4 times.
Hence, the rate of reaction will decrease to Y th of its original rate.

(h)

What is meant by half-life and what is it used for?

Half-life is the time taken for the concentration of a reactant to fall to half of its original value.
It is denoted by ty2
It can be used to determine the rate constant (k) for a reaction.
Example:
If the reaction is first-order, then the rate constant and the half-life of the reaction are related in the
following way:
e -0.693

tL“Z
Thus, knowing tw, the rate constant (k) for a first order reaction can be determined.

()

Why does wood burn more rapidly in pure oxygen than in air?

According to the law of mass action, the rate of a chemmal reaction is directly proportional to the
concentration of reactants,

In air, oxygen is about 21% by volume. In pure oxygen, the concentration of oxygen is increased. Hence,
according to Law of mass action, the wood bum more rapidly in pure oxygen than in air. :

@

" A catalyst lowers the activation energy of a chemical reaction. Illustrate it.

Page 216

(k)

The rate constant for a certain reaction is 3.5x107* s at 25°C. What is the order of the
reaction? Explain based on the units of the rate constant.

This is a first order reaction because for a first order reaction the unit of rate constant is s

Proof -
Consider a general first order reaction

- A = products
Rate equation is
Rate = k [A]
where ‘K’ is the rate constant.
Rate moldm~ s
S RN nddnt
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M If the initial concentration of the reactant is 0.50 mol dm™>, calculate the initial rate of the
reaction.
From above data
Rate.constant = k =35x10"*s!"
Initial conc. of reactant = [A] = 0.50- mol dm™

The initial rate of reaction is given by
Rate = k[A] = 3.5x107*s? x 0.50 moldm™2= 1.75 x 10 mol dm™3s~!

(m) How would the rate of this reaction change if the concentration of the reactant were doubled?
Since it is a first order reaction. Thus, if the concentration of the reactant is doubled then the rate of reaction
is also doubled.

i.e., Rate = k [A] or Rate a [2]' = 2 times

(n) A certain first-order reaction has a rate constant of 2.5x 10‘3 s~!. Calculate the half-life of

the reaction in minutes. .
k =250¢s™!

So, for a first order reaction

0693 0693

— = - .2
== 510D

(o). A radioactive isotope decays by a first-order process with a half-life of 12 hours. Calculate
the rate constant for the decay in s™’. :
t¥z2 = 12 h = 12x60x60 = 43200 s

The radioactive decay is a first order reaction. So, for a first order reaction
o 0.693
k
0.693 _ 0.693
t,, 43200

-2

or k= =1.604 x 10°%s™!

DESCRIPTIVE QUESTION_S

Q.3 Relate the order of a reaction to the rate law for the reaction. How do you distinguish between
. zero order, first order and second order reaction?
Page 220
Q.4 How do you find the numerical value of a rate constant by initial rate and half-life methods?
Page 224
Q.5 How does the activation energy profile of an unanalyzed reaction compare with that of the
catalyzed reaction? -
Page 216
Q.6 The reaction between hydrogen peroxide (H202) and iodide ions (I7) in acldlc solution is
believed to occur via the following mechanism:
Step 1: H:0: + I~ — H:0 + OI- (slow)
Step 2: Ol + H* — HOI (fast)
Step 3: HOI + I + H* — HO + I, (fast)
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i) Write the overall balanced equation for the reaction.
Add all steps

H20: + I —  HO0+0F (slow)

of + H* —  HOI (fast)

;ldl AR = MO +h (fast)

H.O; + 2I"+ 2ZH* — 2H:0 + Iz

ii) Identify any intermediates and catalysts in this mechanism.
Catalyst: There is no substance which is used as a reactant in the first step and regenerates later
Thus, there is no catalyst involved in the reaction.

Reaction intermediate: The Ol ion is produced in the first step. However, it consumes in the second

step. The HOI is produced in the second step. However, it consumes in the third step. Thus, both OI
ions HOI are not present in the overall reactants and products. So, these are reaction intermediate

iii) What is the rate-determining step? ¢
Slow step is always the rate determining step. Hence step 1 is the rate determining step.

iv) Write the rate equation for the react:on, expressing it in terms of the reactants in the

overall reaction.
Since, step 1 is the rate determining step. So, the rate equation can be derived from this step

Hence, Rate = k [H202][I"].
The reaction is first order in H2O2 and first order in I". Hence, it is 2™ order overall.
m
NUMERICAL PROBLEMS '
R e T S S T T e e S T ST e A B Y T T Y O R S R S
Q.6 (a) Calculate the reaction rate if the concentration of A is 0.5 M, the concentration of B is 0.2
and the rate constant k is 4.0M%s’\. Given the rate law for a reaction: Rate = k[A][B]>.
Solution
[Al= 05M
[B]= 02M
k = 40M3%?
- So, rate is given as
Rate

k[A][B]*
40M%' x 05M x [0.2M)?
0.08 Ms™

Q.7 A first order reaction is found to have a rate constant, k = 5.5 X 10* s, Find the half-life of
' the reaction.

500 6.814x10*
550 : . 2.64x10™
600 ' 0.56x10°
650 | 7.31%10°
= 700 : 66.67x10° \
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Solution
k = 55x10s?

So, half life time for a first order reaction is

0.693
tw = T
0.693 e
tye = 5Ex10 = =1.26 x10™ seconds
1.26x 10"

or = 3.995 % 10° years

f2 = g0 6024 =365

Q.8 Three experiments that have identical conditions were perfon'ned to measure the initial rate
of the reaction. 2Hly — Hzg + l2@

Experiment _ [HI] (M) Rate (M/s)
1 : 0.015 © 1.3x310”
2 0.030 44x10°
3 i -0.045 9.9 x 10°

Write the rate law for the reaction. Find the value and units of the specific rate consﬁmt. k.
. Solution
¢ Comparing experiment 1 and 2, the ratio between concentrahon and the ratio between the rates is
(HI), _0.030 (Rate), 4.4x107°
=2 and = —— =
(Hl)1 - 0.015 (Rate),  1.1x10

So, when the concentration of HI doubles, the rate of reaction increases four times. i.e. 22 = 4

¢ Comparing experiment 1 and 3, the ratio between concentration and the ratio between the rates is
(HI), 0.045 . (Rate),  9.9x10°

=3 d 3 = =9

(A1), ~ 0,015 ¢ (Rate), 11107

So, when the concentration of HI increase  three times, the rate of reaction increases nine times. i.e. 3% =

Hence, rate of reaction is dlre_dfy proportional to the second power of concentration. of HI.
ie., Rate =k [HI]? It is a second order reaction

Determination of rate constant
The rate equation is
Rate =k [HI)?
e Rate

[HIT

From experiment 1 we have:
1.1x107° Ms™

" [0.015 MT

k=489M's!

or
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Tests MCQs

1. The rate equation determined experimentally for this reaction: (CHs)sCBr + H:O —
(CH3)sCOH + HBr is
Rate = k[(CH3);CBr], Hence it is whlch of the following? SN PITT

(A) Fractional Order (B) Pseudo First Order ; (C) First Order ? (D) Seoond Order
2. The reaction rate in forward direction decreases with the passage of time because |

(A) Concentration of reactants decrease (C) The order of reaction changes

(B) Concentration of product decreases (D) Temperature of the system changes

3. When the change in concentration is 6 x 10" mol dm™ and time for that change is 10 seconds,

the rate of reaction will be
'
(A) 6 x 10® mol dm3sec? (C)6 x 102moldm3sec? (B)6 x 10* mol dm™ sec™ (D) 6 x 10°
mol dm™ sec™ £ ok ;
4. The unit of the rate constant is the same as that of the rate of reaction in

(A) First order reaction (B) Second order reaction (C) Zero order reaction (D) Third order
reaction. :
~ 5. The rate of reaction involving ions can be studiedby __ method
(A} Dilatometric (B) Refractometric (C) % rotation (D) Electrical conductivity -
6. In zero order reactions, the rate is independent of: ;
(A) Concentration of the product (C) Temperature of the reaction
(B) Concentration of the reactant ; (D) Surface area of the product
7. For the reaction 2NO + O: = 2NO,, the rate equation for the forward reaction is
(A) Rate = k [NO] [O2] (B) Rate = k [NOJ*[O¢] (C) Rate = k [NOzJ? (D) Rate =
k [NO.] .

8. 2A+B—Product. If the reactant ‘B’ is in excess, the order of reaction with respect to ‘A’ in given
rate law, Rate = k[A]?[B] is:
(A) 2nd order reaction (B) 1st order reaction (C) Pseudo 1st order reaction (D) 3rd order
reaction . :

9. Unit of k in first order reaction is
(A) s (B) molesdm™®  (C) moles dm s (D) mol® dm?

10. Rate of first order reaction depends on
(A) concentration of one reactant (B) concentrations of two reactants
(C) concentrations of three reactants (D) independent of the initial concentration

11. For which of the following order of reaction, rate of reaction is inversely proportional to the conc.

MDCAT 2020

(A) 1* order reaction - (B) 2™ order reaction (C) negatwe order reaction (D) zero order reactlon
12. For the reaction, A -> products, when the conc. of A doubles, the rate of reaction increases four

folds, which means it is :

(A). negative order reaction (B) zero order reaction (C) first order reaction (D) second order
reaction '

13. The study of rate of chemical reactions and the factors that affect the rates of reactions is called

(A) Thermodynamics (B) Stoichiometry (C) Electrochemistry (D) Chemical kinetics
14. When concentration-time h of a reactant indicates a constant half-life, then the order with
respect to that reactant is

(A) Zero order (B) Half order (C) Second order (D) First order
15. Glucose is converted into ethanol by the enzyme present in yeast:

(A) Urease (B) Invertase (C) Sucrase (D) Zymase
16. It is experimentally found that a catalyst is used to:
(A) Lower the activation energy "~ (C) Lower the- pH
- (B) Increase the activation energy (D) Decrease the temp of the reaction

17. Catalyst helps in a reaction by
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(A) Increasing the rate of reaction (B) Lowering the activation energy barrier
(C) Increasing the activation energy barrier (D) Both options A and B are correct

18. Role of a catalyst in a chemical reaction is ‘
(A) decrease yield of reaction (B) decrease rate of reaction (C) increase yield of product (D) increase rate of
a process

19.If the energy of activation of a chemical reaction is very low, the rate of that reaction is high
because TXSTEIIE

{(A) conceniration of the reactants becomes irrelevant {B) reaction proceeds without any transition
state ' : .
(C) number of effective collisions increases (D) molecules of the reactants move slowly
20. The rate of reaction between two specific time intervals is called?
(A) Instantaneous rate of reaction (B) Rate of reaction (C) Average rate of reaction (D) Initial rate
21. How will be the rate of reaction, if the slope of the curve is greater near the start of the reaction?
(A) Constant (B) Equilibrium (C) Greater (D) Lesser
22. If the rate does not change with concentration then it is?
(A) 3™ order (B) 2 order (C) 1* order (D) zero order
Q# |Ans|Q# |Ans | Q# | Ans | Q# | Ans | Q# | Ans | Q# | Ans | Q# | Ans | Q# | Ans
1 B 2 Al 3| D 4 C 5 D 6 B 7 B 8 A
., 9 A 10| A 11 ™ 12| D 13-| D 14| D 15| D 16 | A
17 D 18| D 19| C |20| C |21 | C |22 D
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Test Your Skills

OBJECTIVE:Time: 10 Minutes: Marks: 08

Q1.

s

Choose the correct answer and encircle it.

The unit of rate constant ‘k’ for a first order reaction are?

(A) s (B) moldm™'s  (C) moldm~s™! (D) mol *dm™s
The rate of reaction between two specific time intervals is called.

(A) Rate of a reaction (B) Average rate of a reaction.

Fill in the correct

option

Write
Correct
option

here

(C) Instantaneous rate of reaction. (D) None
The Unit of rate of reaction is

(A) moldm® ° (B)molkg”' (C)gramsdm® (D) moldm™ sec?

If the rate equation of a reaction 2A + B - Products is. Rate= k[A]*[B],
and A is present in large excess, then order of reaction is

(A)1 (B) 2 (C)3 (D) None
If the rate of reaction becomes four time when the conc. of reactant A'is

doubled, keeping concentrations of other reactants constant. Then the
order of reaction w.r.t. A will be

(A) 4 (B) 2 €3 (D) 1

In zero order reaction, the rate is independent of
(A) Temperature of reaction (B) Concentration of reactants.

(C) Concentration of products (D) None of these.

The half life period of is ;U 710 million years. 100 kg of sample of QU

DL FY p] o] "N]

CEEEEEEE
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© © 6| © 6| 6 6|6

will reduce to 25 kg in

(A) 710 million years (B) 1420 million years (C) 2130 million years

The rate of reaction for a multlstep reaction is controlled by
(A) fast step (B) slow step (C) first step

(D) 2840 million years

(D) last steb

SUBJECTIVE: Time: 60 minutes Marks: 32

Q2.

Q3.

Section -1
Answer the following short questions. ;
(i) Differentiate between average and instantaneous rate of reaction.
(ii) What is a second order reaction? '
(iii) What is reaction mechanism?
(iv) A catalyst is specific in its action. Explain
(v) What is half-life period? Give one example.
(vi) How surface area affects the rate of a chemical reaétion?
(vii) Define (a) activation energy (b) specific rate constant

(2x12=243)

(viii) The rate of a chemical reaction is an ever changing parameter under the given conditions. Justify
(ix) The sum of the co-efficients of a balanced chemical equation is not necessarily important to give the

order of reaction.
(x) What is rate determining step? Give an example.
(xi) How does a catalyst work?
(xii) Name the factors which affect the rate of reaction.

Section - 11
(a) What is catalysis? Write down its types and explain any one of them,

(8x1=08)

04)

(b) A first order reaction is found to have a rate constant, k = 5.5 x 10 s”. Find the half-life of the

reacnon

ANSWERS TO,MCQs: TEST YOUR SKILLS-11 akunaces
Q# Ans Q# Ans

Q# Ans Q# Ans Q# Ans Q# Ans Q# Ans Q# Ans

(04)
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