
INTRODUCTION 
Thermodynamics deals with the feasibility of a chemical change. 
The fre~ energy change, aG, of a reaction helps us to understand 
whether the reaction will occur or not. Even though there may be 
decrease in free energy but reactants do not always form the 
products instantaneously and actual rate of the reaction may vary 
from extremely slow to very fast. Thermodynamics is concerned 
only with initial and final states of reacting systems but offers no 
explanation about the various stages through which the reactants 
pass to reach the final state. This leads to following questions 
concerning chemical changes. 

(i) How fast do the chemical reactions go? 
(ii) How can the speed of the reaction change? 

(iii) What intermediate steps, the reactants follow to reach the 
final state of products, i.e., the mechanism of the reaction. 

The branch of physical chemistry which deals with the rate at 
which the chemical reactions occur, the mechanism by which the 
chemical reactions take place and the influence of various factors 
such as concentration, temperature, pressure, catalyst, etc., on the 
reaction rates, is called the chemical kinetics. 

Different ,chemical reactions occur at different rates. On the 
basis of rates, the chemical reactions are broadly divided into 
three categories: 

(8) Very fast or instantaneous reactions: These reactions 
are so fast that they occur as soon as the reactants' are brought 
together. Generally, these reactions involve ionic species and thus 
known as ionic reactions. These reactions take about 10-14 to 
10-16 seconds for completion. It is almost impossible to 
determine the rates of these reactions. Some such examples are: 

(i) Precipitation of AgCI when solutions of silver nitrate and 
sodium chloride are mixed. 

AgN03 + NaCl ----* AgCI + NaN03 

(ii) Precipitation ofBaS04 when solutions of barium chloride 
and sulphuric acid are mixed. . 

BaC12 + H2S04 ----*BaS04 +2HCl 

(iii) Neutralisation of an acid with a base when their aqueous 
solutions are mixed. 

HCI + NaOH ----*NaCI + H20 
Acid Base Salt 

(b) Very slow reactions: There are certain reactions which 
are extremely slow. They may take months together to· show any 
measurable change at room temperature. It is also difficult to 
study the kinetics of such reactions. 

Some examples are: 
(i) Reaction between hydrogen and oxygen at room 

temperature. 
Room temperature 

2H2 + O2 ) 2H20 (Very slow reaction) 

(ii) Reaction of atmospheric H2S on basic lead acetate. 
Atmospheric 

White basic lead acetate paint -----» Blackening 
H2S 

of paint occurs very slowly 
(due to formation of PbS.) 

(iii) Reaction between carbon and oxygen. 

Room temperature 
C+02 ) CO2 

Carbon and oxygen are thermodynamically less stable than 
CO2 at 298 K, yet coke does not spontaneously catch fire in air 
and remains unreacted even for years. 

(iv) Reaction between carbon monoxide and hydrogen. 

Room temperature 
CO+ 2H2 ----~) CH)OH 

The reaction is thermodynamically feasible at 298 K but in 
actual practice the reaction proceeds infinitesimally slowly; 

(v) Rusting of iron occurs very slowly. 
(c) Moderate reactions: Between the above two extremes, 

there are a number of reactions which take place at moderate and 
measurable rates at room temperature and it is these reactions 
which are studied in chemical kinetics. Mostly these reactions are 
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molecular in natl:lre. Some. common examples of s4<:h type ,are 
given below: 

(i) Decomposition of hydrogen peroxide. 

2H2 O2 ---t 2H20 + O2 
(ii) Decomposition of nitrogen pentoxide. 

2N20 S ---t 2N20 4 + O2 
(iii) Hydrolysis of an ester. . 

CH3COOC2Hs + NaOH ---t CH3COONa + C2HsOH 
Ester Sodium acetate 

(iv) Inversion of cane sugar in aqueous solution. 

C12H220 11 + H20---t C6 HI20 6 + C6 HI20 6 
Cane sugar Glucose Fructose 

(v) Reaction between nitrogen dioxide and carbon monoxide. 

N02 + CO ---t NO + CO2 
(vi) Reaction between ferric chloride and stannous chloride. 

2FeCI 3(aq.) + SnCI2 (aq.) ---t 2FeCl 2 (aq.) + SnCI4 (aq.) 

(vii) Decolourisation of acidified potassium pennanganate 
with sodium oxalate. 

(viii) Reaction between nitric oxide and chlorine. 

NO+ Cl2 ---tNOC1 2 

The chemical reactions can be slowed down or speeded up by 
changing conditions under which they occur. For example, very 
slow reaction, CO + 2H2 ---t CH30H, can be speeded up by 
maintaining temperature around 400°C, pressure about 300 
atmospheres and using a catalyst containing ZnO and Cr2 °3 , The 
decay of food articles can be slowed down by preserving them in 
refrigerators. There are two principal reasons for studying 
chemical kinetics. . 

(i) To predict tbe rate of a particular reaction under 
specified conditions: The conditions can be adjusted to make 
the reaction to go at a desired rate, either rapidly or slowly or 
moderately. The field of chemical kinetics is useful in industry as 
the conditions for maximum yields of industrial products can be 
ascertained. 

(ii) To predict the mechanism of tbe reaction: The 
intelligent guess regarding various elementary processes 
responsible for the formation of products can be made which 
should be consistent with experimental data, 

8.2 RATE OF REACTION (Average and 
Instantaneous Rate) 

We are all familiar with processes in which something changes 
with time. Rate is usually expressed as the ratio of the amount of 
change in some quantity to the time required to produce that 
change. 

Change in some quantity t:.X 
Rate = =-

Time taken for the change !1t 

The tenn t:.X means X final - X initial and !1t is the amount of 
time elapsed. For example, a car driver starts his journey at 9.0 
a.m. with odometer reading x miles. At 11.0 a.m. he reaches his 

destination. The odometer reading at destination is y miles. The· 
rate of his travel can be calculated as: ~~ 

d( distance) distance (j) - distance (in) 
Rate = = ---""-'------

d(time) time(j) - time(in) 

y-x y-x 'I hr-I = =--mtes . 
11.0- 9.0 2 

The above example indicates that the car hns been driven with 
unifonn rate but actually it has been driven sometimes faster and 
sometimes slower depending upon the conditions of the road. 
Thus, the overall rate is an average rate and the rate at which the 
car was moving at any instant, i. e., instantaneous rate was 
changeable. 

Tbe rate measured over a long time interval is called 
average rate and tbe rate measured for an infinitesimally 
small time interval is called instantaneous rate. 

In a chemical change, reactants and products are involved. As 
the chemical reaction proceeds, the concentration of the reactants· 
decreases, i. e., reactants are consumed and the concentration of 
products increases, i. e., products are produced. Tbe rate of 
reaction (average rate) is defined as tbe cbange .of 
concentration of anyone of its reactants (or products) per 
unit time. 

Average rate of reaction, 
Change of concentration of one of the reactants or products 

~v =-~~--------------~---
Time taken for the change 

Consider a common hypothetical reaction, 

A~B 

The average rate of reaction may be expressed either in tenns' 
of decrease in concentration of A (reactants) or in tenus of 
increase in concentration of B (product). 

A f
· Decrease in concentration of A 

verage rate 0 reactIOn = ------,-. ------
Time taken 

A f
· Increase in concentration of B 

or verage rate 0 reactIOn = . 
Time taken . 

The concentrations of reactants or products are expressed as 
number of moles per litre. The symbol for the molar 
concentration consists of the fonnula of the substance enclosed in 
bracket. The symbol [A] stands for the molar concentration of A. 
The symbol d[A], therefore, stands for the change in molar 
concentration of A. 

The rate of decrease or increase in the concentration of 
reactants or products may also be expressed in terms of change in 
their concentration during the time interval, M, as: 

or ' 

Average rate of reaction = _ d[A] 
M 

Average rate of reaction = + d[ B] 
M 

(A negative sign placed before a reaction rate symbol signifies 
a decrease in concentration of tile reactant with increase of time 
and a positive sign before the rate symbol signifies that the 
concentration of the product increases with increase in time. The 
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concentration"change may. be PQsitive or negative but therate,of 
reaction is .f!.l~ays positive. The minus sign ,is, always written 
whenrequi~jbut the plus sign is usually not mentioned.) 

Figure 8.1 shows thech~l1ge of concentrations of reactant (A) , 
and product (B -) ~s the chemiclll reaction A -4 B progresses with 
time, Let [A]II aQd [A]IZ ,be the, concentrations of A at. time 
I, and t2,re~ectively. " ' ',", ',,' 

A[A] = [ALz ,- [A]II 

,and ,At == t2 :- I, , 

, A[A] [A112 - [A]II 
r. = - -- = - ~' ---'=-----.!.. 
av At ' t 2 -t, 

Over the same time interval t, to 12 , the concentration of B 
changes from[B]11 to[BJI2' 

, A[B] [R]IZ - [B]II' 
r. = -- = --=---..;... 
av At "t2 - I, ," 

Since, 'one mole of A produces one mole of B, the rate of 
decrease in concentration of A should be equal to the rate of 
increase in concentration of B. Thus, ' 

ray = r;v 
A[A] A[B] ---=--

At At 

Reaction rate has' the units of concentration or 'molarity 
divided by time. Therefore; the units ohate of reaction may be 
expressed as: ' 

or 

or 

or 

rinlellitre sec (mol L -, s-') 

imlellitre min (rilOl L-' min:-') 

molellitre hour(mol L -I, h -I,) 

molellitre day (Illol L -I d -I) 

molellitre year (mol L-' y-') 

" :.::::::_SOME SOLVED EXAMPLES\a:::,:::, 

Example 1. Ina reaction, the concentration of a reactant 
(A) changes from 0.200 mol litre-I to 0.150 molUtre-1 in 10 

minutes. What is the average rate of reaction during this 
interval? 

Solution: A[A] = [A]flnal- [A]initial 

= [0.150- 0.200] = ":'O~050mollitre-1 

At = 10 minutes 

, 'f ". -A[A] -[- 0.050] 
Average rate 0 reaction ='-' - = ~--...:: 

, At 10 

Expression of Rate 

= 0.050 0.005 mol litre -\ min-I 
10 

Consider the following reaction between CO and N02 : 

CO+N02 ~C02 +NO 

The, equation shows that when one mole of CO reacts with one 
mole of N02 • one mole each of CO2 and NO are formed; The 
average rate of reaction can, beexpres~d either by decrease of 
concentration of anyone ofthe reactants (CO or N02) or by the 
increase in concentration of anyone of the products (C02 or 
NO); 

Thus _ AlCO] = _ A[N02']=A[C02 ] = A[NO] , 
, At At At At, 

However, for the reaction, 
2H202'~ 2H20 + O2 

it is observed that when 2 nlOles of H20 2 decompose, one, 
mole of O2 is formed in the same time interval. The rate of 
increase in the concentration of O2 , therefore, is half that of the 
disappearance of the ,concentration of H2 O2 in the same time 
in~erval; , 

, In general, for a reaction, 

n,A +n2B ~m!C+m2D 

the rate expression may be expressed as: 

1 A[A] 1 MB} 1 A[e] I' &[D] - --=---- ----=---
nl At nz At m, At mz At 

Thus, for the reaction, 
H2 +Iz ~ 2HI 

the rate may be expressed as: 
A[H2 ] , A[1 2 ] 1 

---=---==-
At At 2At 

Note: In case of gaseous reaction, pressure may be taken in place of concentration. Thus, rate will have the unit of attn sec-lor attn min -I, 

PV =nRT ,or P = [fJRT or P=CRT ' 

.1[P] = .1[Cl. RT or Rate in [a~sec]= Rate in [;';'olarity/sec] xRT 
.1t .11 
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Similarly, for the decomposition of N20 S in CCl 4 medium, 
the rate may be expressed as: 

2N20 S ~ 4N02 + O2 
1 A[N20 s ] l' A[N02 ] A[02 1 

-- =- =--
2 At 4 At At 

Example.:!. Decomposition of N 20S is expressed by the 
equation, 

N 20 S ~2N02 + X02 
q during a certain time interval, the rate of decomposition of 

N 20 5 is 1.8 X 10-3 mol litre-I min-I, what will be the rates of 

formation of N02 and02 during the same inierval? . 
Solution:. The rate expression for the decomposition ofN 2 Os is: 

_ A[N20sl = 1 A[N02] = 2. A[02l 

At 2 At At 

So, A[N02 l = 2A[N20s1 =2x1.8 x 10-3 

At At 
= 3.6 X 10-3 mol litre -I min-I 

and A[02l =.!. A[N20 s ] =.!. x 1.8 X 10-3 

At 2 At 2 
= 0.9 x 10-3 mol litre -I min-\ 

(Rate is always positive 
'. A[NO] 

and hence - 2 . s is taken 
At 

positive.) 

Instantaneous Rate 

In chemical kinetics, the rate at any particular instant, i. e. , 
instantaneous rate rather than the average rate over a time interval 
has much more practical application and importance. It is defined 
as the rate of cbange of concentration of anyone of the 
reactants or products over a very small interval of time. 

If we take infinitesimal small interval of time dt, it may be 
assumed that the rate is uniform through this interval; then if dx is 
amount of substance A transformed to B during this interval, the 

rate of reaction at that instant is given as _ dx . 
dt 

[In differential calculus, when At becomes very small and 
A[A] . 

approaches zero, the ratio may be replaced by the 
At 

de
. . d[A]. 

nvatlve, -- , I. e. , 
dt 

r, = lim _ A[A] =:... d[A]] 
mst At ~O At dt 

On the other hand, if the rate of reaction is expressed in terms 
of the concentration of any of the products which goes on 

dx 
increasing, then rate of reaction at particular instant 

dt 
In general, for a reaction, 

nlA +n2B~mlC+mzD 
The instantaneous rate may be expressed as~ 

1 d [A] 1 d [B] 1 d[C] I d[D] 
'inst ----=- --:---. ,= --

n, dt n2 dt· ml dt m2 dt 

Experimental Determination of Instantaneous Rate of 
Reaction 
\ In order to determine changes in concentration of reactants or 

products, it is customary to take small portions of the reaction 
mixture at suitable intervals of time and freeze them rapidly to 
about O°C as to stop the reaction. The concentration is then 
measured with the help of a suitable method. In several cases, 
concentration changes are measured by observing changes in 
certain physical properties which are proportional to it such as 
optical densities, electrical conductivity, optical rotation, etc. A 
curve is plotted between concentration and time. A tangent is 
drawn to the curve at the point corresponding to time interval' t'. 
The slope of this tangent gives the instantaneous rate of reaction. 
This is shown in Fig. 8.2 (a). . ' 

Instantaneous rate of reaction = Slope of curve 
Intercept along ordinate Ax 

= =-
Intercept along abscissa At 

Since, the concentrations of the reactants keep on decreasing 
with time, the r.ate of reaction correspondingly decreases with 
time. Thus, the rate of reaction will depend on the stage 
considered during progress of the reaction. The rate of reaction is 
maximum at the . initial stage and decreases with time. 
Theoretically, infinite time wpuld be required for a reaction to 
complete. But the reaction rate becomes so slow after a certain 
time that for all practical purposes, the reaction can be considered 
to be completed. It is evident from Fig. 8.2 (b) that the rate of 
reaction is varying from'moment to moment. 

-t
Time -

Time --.-+ 

Fig.8.2(a) Determination Fig.8.2(b) Variation of rate 
of rate of reaction 

Reaction Life Time 
It is defined as the time .taken by a reaction to proceed to 98% 

of completion. The shorter the life time, the faster the reaction. 
Reaction life times are used to compare the various reactions. 
Reactions are also compared with half life periods. The half life 
period is defined as the time during which the concentration of a 
reactant is reduced to one-half of its initial value or the time in 
which half ofthe reaction is completed. It is generally denoted by 
t l / 2 • The shorter the half life period, the faster is the reaction. 

Example 3. For each of the following reactions express 
the given rate of change of concentration of the reactant or 
product in terms of the rate of change of concentration of other 
reactants or products in that reaction: 

I 
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(a) HzOz + 2H + + 31 ------" 13 +. 2HP; _ d[l ] = ? dt ., 

d[H+] 
---=? 

dt 
(b) 1611+ +2MnO:; +101 ------"2Mn 2+ +8H20+5/2 ; 

_ d[MnO:; ] _? 

dt -. 
, . d[NH] 

(c) 4NH3 + 50z ------,,4N02 + 6Hp; - 3 =? 
, dt 

Solution: We have, 

(a) HzOz + 2H+ + 3r ------" 1:3 + 2HzO 

The equality in this case is: 

d[Hz02] 1 d[ H+ ] 1 d[r d[I:3 ] I d[H20] 
-' =-- =- =--

dt 2 dt 3 dt dt 2 dt 

So,- d[r] = _ 3 d[H20 2] = _ ~ d[ H+] = 3 d[I:3] = ~ d[H20] 
dt dt 2dt dt 2 dt 

and _ d[H+] = _ 2 d[H2 °2] = _ ~ d[ r ] = 2 d[ 1'3 ] = d[H20] 
dt dt 3 dt dt dt 

(b) 16H+ +2Mn04 +IOr -;2Mn2+ +8H20+5I2 
The equality in this case is: 

1 d[W] I d[Mn04 ] 1 d[r] ----=-- =---
16 dt 2 dt 10 dt 

1 d[Mn 2+ 1 d[H20] I d[Iz] 
=- - =---

2 dt 8 dt 5 dt 

I d[1 
=--So, _ d[MnO;j] = _ 1 d[H+ 

dt 8 dt 5 dt 
d[Mn 2+] = -"'-~--=- 1 d[H20] = 2 d[1 2] 

dt 4 dt 5dt 

(c) 4NH3 +502 ------,,4N02 +6H20 

The equality in this case is: 
I d[NH3] = _ 1 _d[_0_2] =1. d[N02 ] = ~ .....,;d[:.....H.::,.20...;;,] 
4 dt 5dt 4 dt 6dt 

So, _ d[NH3 ] = _ i _d[_O_z] = d[N02 ] ~ ......;d[:.....H.::,.z°...;;,] 
dt 5dt dt 3 dt 

'>Example 4. The following reaction was carried out in 
water: 

CIZ + 21 - ------" 12 + 'lCr 

The initial concentration of 1 was 0.25 mol L-I and the 

concentration after I o minutes 0.23 mol rl. Calcuiate the rate of 

disappearance of 1 - and appearance of I z. 

Solution: A[r] = [r ]finaJ - [r ]initisl 

0.23 - 0.25 = - 0.02 mol L-1 

At = 10- 0= 10 min 

A[r (- 0.02) 0002' I L .... I ·-1 =- =. mo nun 
At 10 

, 1 £[1-:- 0.002 
Rate of appearance ofIz = - = --

2 At 2 

= 0.001 mol L-I min-I 

='1 x 10-3 mol L -I min-I 

-'Example 5. The reaction between CrzO~- and HN02 in an 

acidic medium is: 

Crp~- + 5H+ + 3HN02 -; 2Cr 3+ + 3N0'3 + 4H20 

The rate of disappearance of Cr20~- is found to be 

2.4 x 10-4 mol rl s-I during a measured time interval. Find the 

rate of disappearance of HN02 and the rate of appearance of 
Cr3+ during this time interval. 

Solution: The equality in this case is: 

A[Cr20~-] I A[HN02 ] 1 A[Cr 3+] - =.- = 
At 3 At 2 At 

It is given that, 

So, 

and 

~ A[Cr20~-] := 2.4 X 10-4 mol L- I S-1 

'At 

- A[HN02] = 3 x 2.4 X 10-4 = 7.2 X 10-4 mol L-1 S- I 

At 

A[Cr
3
+] = 2 x 2.4 X 10-4 = 4.8 X 10-4 mol L-1 S-I 

At 

fUUSTfATrON$ OF OBJECTIVE QUEmONS" 

1. For the reaction, 2N20S ~ 4NOz + Oz rate of reaction is: 

(AIIMS 2006) 
1 d 

(a) - - [N20 S] 
2 dt 

(b) 2 ~ [N20s] 
dt 

. (c) 1 ~ [NOz] 
4 dt 

(d) 4 ! [N0z] 

[Ans. (c)] 
[Hint: For the reaction: 

2NzOs ~4N02 + 0z 

_.!.. d[N20S ] = + 1 d[NOz] = d[0 2J = Rate] 
2 ~ 4 ~ ~ 

2. Observe the following reaction: 

A(g) + 3B(g) ~ 'lC(g) 

The rate of this reaction { -dd/ l} is 3 X 10-3 mol litre-1 

min-I. What is the value of -d[B] in mol litre-I min-I? 
dt 

, (a) 3 x 10-3 (b) 9 x 10-3 (c) 10-3 

(EAMCET 2006) 

(d) 1.5 x 10-3 

[Ans. (b)] 

[.Hint: 
-d[A] 1 d[B] 
--= 

dt 3 dt 

-d[B] = 3 r -d[A]} 3 x 3 X 10-3 

dt 1 dt 

= 9 x 10-3 mol litre-1 ~in-l] 
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3. For the reaction, 2A + B ----+ 3C + D, which of the 

following does not express the reaction rate? 
[CBSE (Med.) 2006) 

(a) -d[C] 
3 dt 

(b) -d[B] (c) d[D] (d) -d[A] 
dt dt 2 dt 

[Ans. (a)] 

[Hint! ...,.!. d[A] = -d[D]: +.!. d[C]:;: +d[D] = Rate] 
2 dt dt 3 dt dt 

4. Consider the, reaction, N2(g) + 3H2(g) ----+ 2NH3(g). The 

I· "1 ".' h" be d[NH3 ] d d[H2 ]·, equa Ity Fe atIons Ip tween' . . an - -'- IS: 

• ••• 
[CBSE (Med.) 2006) 

(a)d[NHd = _ ~ d[H2] 
dt 3 dt 

(b) + d[NH3 ] = _ ~ d[H2 ] 

'dt 3 dt 
(c) + d{NH3] = _ ~d[H2] 

dt 2 dt 
, (d) d[NH3] = d[H2] , 

dt dt 
[Ans. (b)] 

[Hint! _.!. d[H2 ]=+ 1 d[NH3 ]] 

3 dt 2 dt 

5. For' a reaction ~ A ----+ 2B rate of disappearance of A is 
2 

related to the rate of appearance of B by the expression: 

(a) -d[A]=4 d[B] 
dt dt 

(c) - d [A] = .!. d [B] 
dt 4 dt 

[Ans. (c)] . . . 

(AIEEE 2008) 

(b) - d [A] = ~ d [B] 
dt 2, dt 

(d) d = + d [B] 
dt dt 

[Hint! The reaction may be given as 
A~4D 

-d[A] , 1 dID] . 
--= + - -- Rate of reactIOn.] 

dt 4 dt 
6. In a reaction of acidified hydrogen peroxide with potassium 

iodide, the concentration of iodine formed rises from 0 to 
10- 5 mol dm -3 in 10 seconds. What is the rate of reaction? 

(a) 10- 6 mol dm- 3S-1 

(c) 10- 5 mol dm- 3S-1 

[ADs. (a)] 

[Hint: The reaciion is 

[PET (Raj.) 2008) 
(b) 106 mol dm- 3S-1 

(d) 104 mol dm- 3S-1 

2r + H20 2 + 2H+ ~ 12 + 2H20 

R d[12] 10-
5 

10-6 I d -ate=+--=-'= mo m 
dt ' 10 

8~9; LAW OF MASS ACTION 
(Guldberg and Waage, 1864) 

This law relates rate of reaction with active mass or molar 
concentration of reactants. 

"At a given temperature, the rate of a reaction at a 
particular instant is proportional to the product of the active 
masses of the reactants at that instant raised to powers which 
are numericaUy equal to the numbers of their respective 
molecul~ in the stoichiometric equation describing the 
reactio,,:? 

Active mass = molar concentration of the substance ' 

= number of gram moles of the substance 

volume in litres 

w/M n 
=--=-

V V 
where, w = mass of substance and • M' is the molecular mass in 
gram, • n' is the number of gram moles and V is volume in litre. 

. ',~ .. _ ~~ample 6. 4 g of hydrogen and 128 g of hydrogen iodide 
are present in a 2 litre flask. What are their active masses? 

Solution: Mass of hydrogen = 4 g 

Mol. mass of hydrogen = 2 

Volume of the flask = 2 litre 

Active mass of hydrogen = _4_ = I mol L-1 

2x2 

Mass of HI = 128 g 

Mol. mass of HI = 128 

Volume of the flask = 2 litre 

Active mass of hydrogen iodide = ~ = 0.5 mol L-1 

128x2 

8.4' RATE CONSTANT 

Consider a simple reaction A ~ B. 
If CA is the molar concentration or active mass of A at a 

particular instant, then 
dx dx 

ex: CA or-=kCA 
dt dt 

where, k is a proportionality constant, called velocity constant 
or rate constant or specific reaction rate. 

At a fixed temperature, if CA = I, then 

Rate dx = k ... (i) 
dt 

Let us consider a general reaction. 
aA + bB ---:-7 Product 

Rate (:)ex:[A]a[B]b 

Rate k [A]a [B]b 

When [A] = [B] = 1 mol/litre, then 

Rate = k 

... (ii) 

Rate of a reaction at unit concentration of reactants is 
called rate constant. 

The value of rate constant depends on: 

(i) Nature of reactant 

(ii) Temperature 

(iii) Catalyst 

Unit of Rate Constant 
Rate constant has different units for reactions of different 

order. General rule for rate of reaction may be given as: 
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Unit of rate consu.nt = [ I . J nix time- I 

. unit of concentration 

S. 
No. 

= [ I ] n I X sec-I 

mol/litre 

= [litre] nix sec-I 

mol 

where, n = order of reaCtion. 

Rate of reaction ReactIoD rate conStant 

1. It is the speed with which reac- It is proportionality constant. 
tants are converted into prod-
ucts. 

2. It is measured as the rate of de- It is equal to the rate of reaction 
crease of concentration of reac- when the concentration of each 
tants or the rate of increase of of the reactants is unity. 
concentration of products with 
time. 

3. i It depends upon the initial con- It is independent of the initial 
centration of reactants. concentration of the reactants. 

It has a constant value at fixed 
temperature. 

8.5 COLLISION THEORY OF REACTION 
RATE (Arrhenius Theory of Reaction 
Rate) 

(I) A chemical reaction takes· place due tei collision among 
reactant molecules. The number of collisions taking place per 
second per unit volume of the. reaction .mixture lS known as 
collision frequency (Z). Tile vall,l~ of Collision frequency is very 
high, of the order of 1025 to 1028 in case of binary collisions. 
(2) Every collision does not bring a chemical change. The 
collisions that actually produce the products are effective 
co16sions. The effective collisions which bring chemical change 
are few in comparison to the· total number of collisions. The 
collisions that do not form a product are ineffective elastic 
collisions, i. e., molecules just collide and disperse in different 
directions with different velocities. For a collision to be effective, 
the following two barriers are to be cleared: 

Energy Barrier 
The minimum amount of energy which the colliding 

molecules must possess as to make the chemical reaction to 
occur, iskno~ as threshold energy. 

t 
Fraction of molecules 
capable of bringing 
effective collisions 

Energy
Fig. 8.3 

In the graph (Fig. 83), 'E' corresponds to minimum or 
threshold energy for effective collision in a hypothetical reaction. 

There is an energy barrier for each reaction. The reacting 
species must be provided with sufficient energy as to cross the 
energy barrier. . 

The minimum amount of energy required by reactant 
molecules to participate in a reaction is caUed activation 
energy. 
Activation energy = threshold energy - average kinetic 

. . energy of reacting molecules 
Threshold energy ::: initiar potential energy of reactant 

molecules + activation energy. 
A collision between high energy molecules overcomes the 

forces of repulsion and brings the formation of an . unstable 
molecule cluster, called the activated complex. The life span of 
an activated complex is very small. Thus, the activated complex 
breaks either into reactants again or new substances, i. e. , 
products. The activation energy (Ea ) depends upon the nature of 
chemical bonds undergoing rupture and is independent of 
enthalpies of reactants and products. The energy changes during 
exothermic and endothermic reactions versus the progress of the 
reaction are shown in Fig. 8.4. 

Activated 
complex 

Progress of the reaction -
(Exothermic) 

Activated 
complex 

Progress of the reaction -'--+ 

(Endothermic) 

Fig. 8.4 Activation energy of exothermic 
and endothermic reaction 

Thus, every chemical reaction whether exothermic or 
endothermic has an energy barrier which has to be overcome 
before reactants can be transformed into products. If the reactant 
molecules have sufficient energy, they can reach the peak of the 
energy barrier after collision and then they can go to the right side 
of the slope and consequently change into products. If the 
activation energy for a reaction is low, the fraction of effective 
collisions will be large and the reaction will be fast. On the other 
hand, if the activation energy is high, then fraction of effective 
collisions will be small and the reaction will be slow. When 
temperature is increased, the number of active molecules 
increases, i. e. , the number of effective collisions will increase 
and the rate of reaction will increase. 

Activation energyEa E(aclivated ~~mplex)' E(ground s~te) 
an ";'activation energy of forward reaction .. . 

- activation energy of backward reaction. 
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Orientation Barrier 
Energy alone ~oes not determine the effectiveness of the 

collision. The reacting molecules must collide in proper manner 
if the reaction is to occur. This has been shown in Fig. 8.5. 

Rate of reaction is directly proportional to the number of 
effective collfsions. . . 

Rate = - dx = collision frequency x fraction of 
dt effective collisions 

=Zxj 

I 
at) 

- 83-8 - --
A---A A r---------1A 

I I 
I I 
I I 
I I 

6---6 
I I 

6 '----------'6 

Reactants 

.. / 
-Ll ....... ' ... ' 
fT 

-
8 
f 

A A 

6 6 
Products 

No product 
formation 

Fig. 8.5 Orientation of collisions 

Factors Affecting Rate of Reaction 

(i) Nature of the reactants 
(a) Physical state of reactants: This has considerable 

effect over rate of reaction. 
Gaseous state> Liquid state> Solid state 

Decreasing rate of reaction 

Similarly, in a heterogeneous system, collision is not so 
effective as in homogeneous system. Thus, reactions in liquid 
phase or solution phase will be faster in comparison to 
heterogeneous conditions when same concentrations of the 
reactants are taken. 

(b) Physical size ofthe reactants: . Among the solids, rate 
increases with decrease in particle size. In powdered state rate of 

reaction is maximum because in powdered state, surface· area is 
. maximum: 

(c) Chemical nature of reactants: Consider the following 
two reactions: 

2NO(g) + 02(g) ---7 2N02 (g) ... (i) 
CH4 (g) + 202(g) ---7 CO2 (g) + 2H20 ... (ii) 

The first reaction is faster than the second because in the first 
reaction only N==O bond is to be broken whereas in the second 
reaction four (C~H) bonds are to be broken. 

Similarly, consider another example of two similar reactions: 
2NO(g)+ °2 (g) ---7 2N02(g) ... (iii) 
2CO(g) + °2 (g) ---7 2C02(g) .. , (iv) 

NO bond is weaker than CO bond, hence broken easily. Thus, 
reaction (iii) is faster than (iv). 

(ii) Concentration of reactants 
Let us consider the reaction: 

A +B---7C+D; 
Rate == k [A][B] i 

Rate of the above reaction 
decreases with the passage of time ~ 
because the concentration of a: 
reactants A and B will decrease as 
time passes on. 

Let us consider the following 
reversible reaction: 

A+B~C+D 

Rate offorward reaction = k f [A][B] 

. Rate of backward reaction = kb[C][D] 

Time
Fig.8.S 

Rate of forward reaction decreases and that of backward 
reaction increases with passage of time. At equilibrium both the 
rates become equal. 

i Equilibrium 

Time
Fig. 8:1 

(iii) Effect of temperature 
The rate of reaction increases considerably with an increase in 

temperature. The rates of many reactions are approximately 
doubled or tripled for every looe rise in temperature. The 
temperature coefficient of a chemical reaction is defined as the 
ratio of the specific reaction rates of a reaction at two 
temperatures differing by lOoe. 

. k t + to 
/.! = Temperature coeffiCient == -

kt 
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Let temperature coefficient of a reaction be 'J1' when 
temperature is raised from Tj to T2 ; then the ratio of rate constants 
or rate may be calculated as: 

= (J..t.)(T2 TI)1I0=J1 AT11O 

kTI 

log 10 l'_k 1'_2] 
kTI 

kTI 
= antilog [ ~~ log 10 J1 ] 

Its value lies generally between 2 and 3. 
When the temperature is increased, heat energy is supplied 

which increases the kinetic energy of the reacting molecules. 
This will increase the number of collisions and ultimately the rate 
of reaction will be enhanced. Arrhenius suggested an equation 
which describes k as a function of temperature, i. e. , 

I 
r I 

log(~) 

l 

1._ 
T 

where, k -7 rate constant 

k = Ae-EaIRT 

1/T-

Fig. 8.8 

A -7 a constant (frequency factor) 
E a -7 energy of activation 

T-

At two temperatures Tj and T2 , taking log of Arrhenius 
equation, we get 

... (i) 

and log e k2 = log A - . ;;. (ii) 

Subtracting eq. (ii) from eq. (i) and converting the log to .the 
base 10, we get . 

kj Ea [T2 Tj ] . [T2 - ~ ] log 10 - = - --- --- or log 10 
k2 2.303R ~ T2 kj 2.303R ~ T2 

This equation can be used for calculation of energy of 
activation. 

Logarithmic Arrhenius equation is: 

log 10 k log 10 A [..!.] 
2.303R T 

Y=C+M X 
It is the equation of straight line with negative slope. On 

plotting log 10 k against [1/ T ] we get a straight line as shown in 
Fig. 8.8. The graph gives two kinetic parameters. 

The slope gives activation energy and intercept gives 
frequency factor. 

The dependence of rate constant on temperature for two 
reactions is shown in the Fig. 8.9. 

-. i 
. 10910 k 

® 
1._ 
T 

Fig. 8.9 

In the reaction (2), the modulus of slope is greater than that of 
reaction (1), hence reaction (2) has higher activation energy. The 
reaction (2) will be more sensitive to temperature change. 

Reactions on the basis of influence of temperature are 
classified into five types. These are shown in the graphs. 

t 

Temperature -

(Normal reactions) 
(a) 

Temperature __ 

(Oxidation of carbon) 
(d), 

t) .. 
1ii a: 

Temperature -

(Explosive reactions) 
(b) 

.45"C 

Temperature __ 

(Biological reactions) 
(c) 

(For 2NO + O2 -? 2N02) 

The only reaction with 
-ve temp .. coefficient 

TeITIperature --

(e) 

Fig. 8.10 

(iv) Presence of a positive catalyst 
The function· of a positive catalyst is to lower down the 

"activation energy. The" greater the decrease in the· activation 
eHergy caused by the catalyst, higher will be the reaction rate. In 
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the presence of a catalyst, the reaction follows a path of lower 
activation energy. Under tbis condition, a large number of 
reacting molecules are able to cross over the energy barrier and 
thus the rll-te of reaction increases. Fig. 8.11· shows how the 
activation energy is lowered in presence of a catalyst. 

1 -f----;:~;?--',~\ 
E; \ 

I 
/ Reaction \ 

; path with \ 

Reacta;;';- '------:~·l~;;~~~ ,,--
reaction 'I The effect of a ________ _______________ _ __ 

catalyst is to lower Products 
the energy of activation 

Collision number -

Fig. 8.11 A catalyst changes the 
reaction path (Positive catalyst) 

(v) Presence of negative catalyst 
A negative catalyst increases the activation energy of reaction 

by forming a new intermediate of high energy, i. e. , by changing 
the reaction mechanism. 

Due to increased activation energy, some active molecules 
become inactive, therefore, rate of reaction decreases. 

I. ncreased I 
activation 

energy 1 
;., 
~ 
Q) 
c: 
Q) 

iii :e 
Q) o 
0.. 

---- -------------/-', 
I \ 

/ 1t!~-__ 

\ 
\ 
\ 
\ 
\ 
\ 

\ 
\ 
\ 
\ 

\ 
\ 

\ 
\ 

\ , 
~ 

Catalyst 
present 

Catalyst 
absent 

Products 

Collision number -

Fig.8.12 Negative catalyst 
\ 

Let' p' denote presence of.catalyst and 'a' denote absence of 
catalyst. 

k = Ae-EpIRT 
p 

ka Ae-EaIRT 

Dividing eq. (i) by eq. (ii), we get 

kp . =e(Ea-Ep)/RT =eI!.EIRT 

ka 

... (i) 

... (ii) 

k p = antilog [ l:!.E ] 
ka 2.303RT 

: : : ::::_SOME SOLVED EXAMPLES\ I::: ::: 
. Example 7. The rate of a reaction triples when 

temperature changes from 20°C to 50°C. Calculate energy of 
activation for the reaction. (R = 8.314JK -I mol-I) 

Solution: The Arrhenius equation is, 

loglo ~: = R x 2.303 [T~I~; ] 
Given:~=3;R=8.314JK-l mol- I ;TI =20+273=293K 

kl 

and T2 = 50+ 273 = 323 K 
Substituting the given values in the Arrhenius equation, 

10 3- Eo [323- 293] 
glO - 8.314 x 2.303 323 x 293 

2.303 x 8.314 x 323 x 293 x 0.477 
E =~-------------------

a 30 

:::: 28811.8J morl 

::::: 28.8118 kJ mor] 

Example 8. In Arrhenius equation for a certain reaction, 
the value of A and Eo (activation energy) are 4 x 1013 sec -] and 

98.6kJ mol-I respectively. At what temperature, the reaction 

will have specific rate constant 1.1 x 10-3 sec -I ? 

or 

Solution: According to Arrhenius equation, 

k = Ae-Ea IRT 

E . 
_a logee 
RT 

or 2.303 log 10 k = 2.303 log 10 A - RT 

. 98.6x 103 

or 2.303 log (1.1 x 10-3 ) = 2.303 log (4 X 1013 ) - ---
8.314 x T 

T= 98.6x 10
3 

K 
8.314 x 2.303 x 16.56 

= 31O.96K 

Example 9. The rate constant is given by Arrhenius 
equation, 

k Ae-EaIRT 

Calculate the ratio of the catalysed and uncatalysed rate 
constants at 25°C if the energy of activation of a catalysed 
reaction is 162 kJ and for the uncatalysed reaction the value is 
350kJ. 

Solution: Let kca and kun be the rate constants for catalysed 

and uncatalysed reactions. 
162x 103 

2.303 log 10 kca = 2.303 log 10 A - ... (i) 
RT 
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and 
350x 103 

2.303 log 10 kun :::: 2.303 log 10 A - ---
, RT 

Subtracting eq. (ii) fromeq.'(i) , 

k 103 

10glO ~:::: (350-162) 
kun 2.303RT 

188 x 10
3 

:: 32.95 
x8.314 x 298 

kca =8.88 x 1032 

kun 

... (ii) 

Example 10. Calculate the rate constant of a reaction at 
293 K when the energy of activation is 103 kJ mol -I and the rate 

constant at 273K is 7.87 x 10-7 s-I. 

(R 8.314 x 10-3 kJ mor' K -, ) 

Solution: The Arrhenius equation is, 

10glO k2 :::: [T2]1] 
kl 2.303R TI T2 

Given: kl = 7.87x 10-7 s-I;Ea :::: 103 kJ mol-I; 

R=8.314xlO-3 kJmol-1 K-1 ; 

1j :::: 273 K andT2 = 293 K 

Substituting the values in Arrhenius equation, 

I k2 = 103 x 20 
oglo 7.87 x 10-7 2.303 x 8.314 x x 293x273 

:::: 1.345 

: 2 :::: 1.74 x 10-5 s-I 

Exa.uple 11. "i' 407 K, the rate constant of a chemical 
reaction is 9.5 x 10-5 s -I and at 420 K, the rate constant is 

1.9 x 10-4 
S -I. Calculate the frequ~ncy factor of the reaction. 

Solution: The Arrhenius equation is, 

k2 [T2 -T1 ] 
log 10 k; :::: 2.303 x R 1j T2 

Given: k, =9.5xlO-5 s-';k2 = 1.9 x 10-4 s-I; 

R:::: 8.314 Jmorl K-1; 

T( ::::407KandT2 = 420K 

Substituting the values in Arrhenius equation 

log L9x 10-4 :::: [420- 407] . 
, 10 9.5 X 10-5 2.303 x 8.314 420 x 407 . 

E a :::: 75782.3 J J;DOr( 

E 
Applying now log k, :::: log A _ ,a 

2.303R1j 

I 9 5 10-5 I A 75782.3 
og . x :::: og - 2.303 x 8.314 x 407 

or 
A 75782.3 

log . -' , .,' :::: 9.7246 
, 9.5x,10-5 2.303 x 8.314 x 407 

A 5.04 x lOS S-I 

Example 12. The energy of activation for a reaction is 100 
kJ mol -I . Presence of a catalyst lowers the energy of activation 

by 75%. What will be effect on rate of reaction at 20°C, other 
things being equal? 

or 

or 

or 

Solution: The Arrhenius equation is, 

k= Ae-EaIRT 

In absence of catalyst, k, :::: Ae-'OOIRT 

In presence of catalyst, k2 Ae-25IRT 

So, k2 e 75(RT or 2.303 log k2 :::: ~ 
~ ~ RT 

75 
2.303 log = ----:---

k( 8.314 X 10-3 x 293 

log k2 75 
k, 8.314 x 10-3 x 293 x 2.303 

k2 2.34 x 1013 

As the things being equal in presence or absence of a catalyst, 
k2 must be = rate in,presence of catalyst. 
k, rate in absence of .catalyst 

r2 = k2 == 2.34 X 1013 

fj kl ' 
i.e., 

7. For a reaction Ea= 0 and k:::: 3.2 X 104 s-I at 300 K.The 

value of k at 310 K would be: 
(a) 6.4 x 104 s-I (b) 3.2 X 104 S-I 

(c)3.2 X 108 s-, (d) 3.2 x 105 s-I 

[Ans. (b)] 
[Hint: 

WhenEa =0, 

k = Ae-Eo IRT 

k = A = constant 
k310 = k300 = 3.2 X 104 S-I] 

8. For a gaseous reaction, following data is given: 
. A ~B,kl :::: 1015 e-2OOOIT 

C 

Jb.e tempel1lture at which k, :::: k2 is: 
(a) lOOQ K (b) 2000 K (c) 868.82 K (d) 434.2 K 
[Ans. (d)] 

[Hint: When k, = k2' 
1Olse-2ooolT = 1014e-IOOOIT 

10 = e1OOO/ T 

2303 log 10 = 1000 
T 

T =434.2 K] 
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9. For N2(g) + 3H2(g) ~ 2NH3(g) + 22 kcal, Ea for the 

reaction is 70 kcal. Hence, the activation energy for 
2NH3(g) ~ N2(g) + 3H2(g) is: 
(a) 92 kcal (b) 70 kcal (c) 48 kcal (d) 22 keal 
[Ans. (a)] 

[Hint: Ml=Ef Eb 

-22 = 70 - E" 

Eb = 92 kcal] 

10. On introducing a catalyst at 500 K, the rate of a first order 
reaction increases by 1.718 times. The activation energy in the 
presence of a catalyst is 6.05 kJ mol-I. The slope of the plot of 
In k (sec-I) against liT in the absence of catalyst is: 

(a) +1 (b) -1 (c) +1000 (d) -1000 
[Ans. (d)] 

Rate in presence of catalyst A'1 l +t:.E ] [Hint: = ntl og 
Rate in absence of eatalyst 2.303RT 

E -E 
1.718 = Antilog ap 

2.303 x 8.314 x 500 

Ea - Ep = 2.25 kJ 
Ea = Ep + 2.25 = 6.05 + 2.25 = 8.30 kJ mort 

= 8.3 kJ mort 

lnk=lnA- x 
R T 

Slope = -8.3 x 1000 = -1000] 
R 8.3 

11. For which of the following reactions k310 I k300 would be 

maximum? 
(a) A +B~C; 
(b)X+Y~Z; 

(c)P+Q~R; 

.., (d)E+F~G; 

[Ans. (d)] 

Ea = 50kJ 
Ea= 40kJ 
Ea = 60kJ 
Ei> = lOOkJ 

[Hint: Increase in rate constant is maximum for the react.ion 
having maximum activation energy.] 

12. The activation energy of exothermic reaction A ~ B is 

80 kJ mol-I. The heat of reaction is 200 kJ mol-I. The 

activation energy for the reaction B ~ A (in kJ/mol) will 
be: [PET (Kerala) 2007] 
(a) 80 (b) 120 (c) 40 (d) 200 
(e) 280 
[Ans. (e)] 

[Hint: Ml = Ef - Eb 

-200= 80 Eb 

Eb = 280 kJ/mol] 

13. Which equation is true to calculate the energy of activation, if 
the rate of reaction is doubled by increasing temperature from 
11 K to T2 K? (CET (Gujarat) 2008] 

(a) loglO (~) = 2.303 R [;. - ;J 
(b) log 10 ( ~: ) = 2.;3 R [ ;2 ;. ] 

(c) IOglO .!. = ~ [~-~] 
2 2.303 T2 11 

(d)IOglo2=~[-.!. ~] 
2.303R 11 T2 

[Ans. (d) ] 

[Hint: We know, log (k2) =.~ [~-~] 
k t . 2.303 R Tt Tz 

When reaction rate b~o~es double then k2 will be equal to 2. 
kt 

I~'.~ MOLECULARITY OF REACTION 
In general, molecularity of simple reactions is equal to tbe sum 
of tbe number of molecules of reactants involved in tbe 
balanced stoicbiOJ,netric equation. 

OR 

Tbe molecularity of a reaction is tbe number of reactant 
molecules taking part in a single step of tbe reaction. 

e.g., PCl5 ---t PCl3 + Cl2 (Unimolecular) 

2HI ---t H2 + 12 (Bimolecular) 

2S02 + 02 ---t 2S03 (Trimolecular) 

NO + 0 3 ---t N02 + O2 (Bimolecular) 

2CO + 02 ---t 2C02 (TriInolecular) 

2FeCl3 + SnCl2 ---t SnCl4 + 2FeC1 2(Trimolecular) 

Tbe minimum number of reacting particles (molecules, 
atoms or ions)tbat come togetber or collide in a rate 
determining step to form product or products is called tbe 
molecularity of a reaction. 

For example, decomposition of H20 2 . takes place in the 
following two steps: 

Step 1: 

Step 2: 

H20 2 ~H20+ 1 02 . (overall reaction) 
2 

H20 2 ---t H20+ [0] 

[0] + [0] ---t 02 

(slow) 

(fast) 

The slowest step is rate-determining; Thus, from step 1, 
reaction appears'to be unimolecular. 
Note: (i) Molecularity is a theOretical concept. 

(ii) Molecularity cannot be zero, -ve, fractional, iIlfInite and 
imaginary. . 

(iii) Molecularity cannot be greater than three because more 
than three molecules may not mutually collide with each other. 

There are some chemical reactions whose molecularity 
appears to be more than three from stoicbiometric equations, e. g. , 
in 

4HBr + 02 ~ 2H20 + 2Br2 

2MnO:;: +16H+ +5C20~- ---t2Mn 2+ + 10 CO2 +8H20 

In the ftrst reaction, molecularity seems to be '5' and in the 
second reaction molecularity seems to be '23'. Such reactions 
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involve two or more steps; each step has its own molecularity not 
greater than three, e. g. , in first reaction, 

HBr + 02 -----7 HOOBr 
HOOBr + HBr -----7 2HOBr 
[HOBr + HBr -----7 H20 +Br2 ] x 2 

4HBr + 0z -----7 2H20 + Br2 

Molecularity of each of the above steps is 2. 
(a) Reaction between Br- and 8 20 2 in acidic 

medium: The overall reaction is: 
2Br- + H20 2 + 2H + -----7 Brz + 2H20 

The proposed mechanism is: 
Br- + H20 2 + H + -----7 HOBr + H20 

HOBr + H + + Br- -----7 Br2 + H20 

Rate = k [Br- ][H20 2 ][H+] 

The reaction is trimolecular. 

(slow) 

(fast) 

(b) Reaction between N02 andFz: The overall reaction is: 

2N02 + F2 -----72N02F 
The proposed mechanism is: 

NOz + F2 -----7 N02F + F 
N02 + F -----7 N02F 

Rate = k [N02] [F2 ] 
The reaction is bimolecular. 

(slow) 
(fast) 

(c) Decomposition of 8 20 2 : The overall reaction is: 

2H20z -----7 2Hz ° + 0z 
The proposed mechanism is: 

HZ02 -----7 H20+ ° 
H20z + 0-----7 HzO+ 02 

Rate = k [H2 02 ] 
The reaction is unimolecular. 

8i7 ORDER OF REACTION 
Let us consider a general reaction: 

ml A + mzB + m3C -----7 Product 

(slow) 
(fast) 

Let active moles of 'A', 'B' and 'e' be 'a', '[3' and 'y' 
respectively. Then, rate of reaction may be given as: 

Rate = k[A](l[B]f3 [C]Y 

Sum of powers of concentration terms involved in rate law 
expression is called order of reaction. 

a + ~ + y == order 
When a + ~ + Y mJ + m2 + m3 , then 

Order of reaction = molecularity of reaction. 

Order is an experimentally determined quantity. It may be equal 
to zero, positive, negative, fractional and greater than three. 
Infinite and imaginary values are not possible. 

Examples: 
(i) 2H20 2 -----7 2HzO + 02 

dx . z 
-=k[HzOz] 
dt 

(observed from law of mass action) 

Step 1: 

Step 2: 

Actual rate 

HZ02 -----7 H20+ [0] 

[0] + [0] -----7 0z 

dx 
- = k[H20 2 ] 

dt 

Thus, order of reaction is unity .. 

(ii) 2NOz + F2 -----72N02F 

Rate law from law of mass action: 

dx 2 
- - k [N02 ] [Fz] 

dt 

Experimentally observed rate law: 

- dx = k [N02 ][F2 ] 
dt 

Slowest step is N02 + F2 -----7 N02F + [F] 

Thus, order of reaction 1 + 1 = 2 

(iii) CH3CH0-----7CH4 + CO 

(slow) 

(fast) 

The rate equation derived from experimental data is found to be 

_ dx = k[CH
3
CHO]1.5 

dt 

The order of reaction is 1.5. 
Some typical linear plots for the reactions of different 

orders: 

(a) Plots of rate vs concentrations [Rate k(conc. t] 

~~d.' irs;' t V. d ord. er 
. :$. 1 

g g> "[Ai a _ 

U t- t- t-

ipe, 
[A)2 

t-

(b) Plots from integrated rate equations: 

!l/e, 
iii a: .. !L/' iii a: 

!Ve

, 

~ 

i Zero order 

* a: 
Conc.- Conc.- (Conci- (Conc.)3_ 

From the study of the kinetics of many simple reactions, it is 
observed that for a large number of reactions, the molecularity 
and order are the same. Some examples are given below to justifY 
this point. 

L Dissociation ofN20 s, 

I 
N2 0 S -----7 N20 4 + - 02 

2 

Order = 1, Molecularity = 1 

2. Dissociation of H2 °2 , 

1 
H20 2 -----7 H20+ - 02 

2 

Order 1, Molecularity = 1 
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3. Dissociation of HI, 

2HI~H2 +12 
Order = 2, Molecularity = 2 

4. Formation ofN02, 

2NO + O2 ~2N02 

Order = 3, Molecularity = 3 

8.8 PSEUDO-ORDER REACTION 
Reactions whose actual order is different from that expected 
using rate law expression are called pseudo-order reactions, 
e.g., 

(i) RCI + H20 ~ ROH + HCI 

Expected rate law: 

Rate = k [RCI][H20] Expected order = I + 1 = 2 

Actual rate law: 

Rate = k' [ReI]; Actual order = 1 

Water is taken in excess; therefore, its concentration may be 
taken constant. The reaction is, therefore, pseudo first order. 
Similarly, the acid catalysed hydrolysis of ester, viz., 

RCOOR' + H20~RCOOH + R'OH 
follow first order kinetics: 

Rate = k [RCOOR ' ] 

It is also a pseudo fitst order reaction. 
The main differences between molecularity and order of 

reaction are given below: 

Molecularity 

1. It is the total number of reacting 
species (molecules, atoms or 
ions) which bring the chemical. 
change. 

2. It is always a whole nUItlber. 

3. It is a theoretical concept. 

. Order of reaction . 

It is the sum of powers of molar 
concentrations ofthe reacting 
species in the rate equation of 
the reaction. 

It may be a whole number, zero, 
fractional, positive or negative. 

It is experimentally determined. 

4. It is meaningful only for simple It is meant for the reaction and 
reactions or individual stepsof a not for its individual steps. 
complex reaction. It is meaning-

is 

less for overall complex reaction. 

Example 13. The experimental data for the reaction, 

2A +B2 ~2AB 

Expt. No. 
[A] [Bz] Rllte 

(moIL-i) (moLL-I) (molL- 1 s·l) 
------_ ... 

1. 0.50 0.50 1.6 x 10-4 

2. 0.50. 1.00 3.2 x 10-4 

3. 1.00 1.00 3.2 x 10-4 --_. 
Write !ne most probable equation for the rate of reaction 

giving reason for your answer. f' • T 11)() I \ 

Solution: From an examination of above data, it is clear that 
.when the concentration of B2 is doubled, the rate is doubled. 
Hence, the order of reaction with respect to B2 is one. 

Further, when concentration of A is doubled, the rate remains 
unaltered. So, order of reaction with respect to A is zero. 

The probable rate law for the reaction will be 

- dx = k[B2 ][A]o k[B2 ] 
dt 

Alternatively, Rate:::: k[B2 rx 
1.6 x 10-4 = k[0.5]a. 

3.2x1O-4 :::= k[l]a. 

On dividing we get, 0: 1 

.. Rate k[A]o[B2 ]1:::= k[B2 ] 

'J~;:,: ;lExample 14. For the reaction, 

A+2B X 
the following data were obtained: 

Expt. lllitial cancentmlions (mo~' L'-I) 

No. 
[A] [B] 

lllitial reaction rates 

(mol 1:
' 

min-l) 

1. 

2. 

3. 

4. 

5. 

.~ ._ .. .•.. ~ " 

1.0 

2.0 

3.0 

1.0 

1.0 

1.0 

1.0 

1.0 

2.0 

3.0 

Write down the rate law for the reaction. 
Solution: . Let the rate law be 

_ dx :::= k[AY[BY 
dt 

0.15 

0.30 

0.45 

0.15 

0'.15 

By keeping the concentration of B constant in experiments (1), 
(2) and (3) and increasing the conc,entration uniformly, the rate 
also increases uniformly. Thus, 

Rate <:>::[A], i.e., x=1 

By keeping the concentnition of A constant in experiments 
(1), (4) and (5)and increasing the concentration of B, the rate 
remains the same. 

Hence, 

The rate law is 

yO, 
dx 
-==k[A] 
dt 

Alternative method: 

From expt. (1), k[1.0Y [l.oy == 0.15 

From expt. (2), k[2.0Y[l.Oy := 0.30 

Dividing eq. (ii) by eq. (i), 

[2.0Y _ 0.30 2 

[1.0Y 0.15 

S~ x=1 

From expt.(I), k[1.0Y [l.oy = 0.15 ; 

... (i) 

... (ii) 

... (i) 
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From expt. (4), k[1.0Y[2.0Y == 0.15 

Dividmg eq. (iii) by eq. (i), 

[2.0y == 1 

[l.OY 

So, 

Hence, the rate law is 

y==O 

dx 
-- = k[A] 

dt 

Example 15. For the reaction, 

. 2NO + Clz ~ 2NOCI 

at 300 K, following data are obtained: 

IniliaI Concentration 
Expt. No,' 

[NO] [Cl:il" 

1. 0.010 0.010 

2. 0.010 0.020 

3. 0.020 0.020 

... (iii) 

]nitillll'ate 

1.2 X 10-4 

Write rate law for the reaction. What is the order of the 
reaction? Also calculate the specific rate constant. 

Solution: Let the rate law for the reaction be 

Rate = k[NOY[ClzY 

From expt.(I), 1.2 x 10-4 = k[0.0IOy[0.010Y ... (i) 

From expt. (2), 2.4 X 10-4 k[O.OIOY [0.020Y ... (ii) 

Dividing eq. (ii) by eq. (i), 
2.4 X 10-4 = [0.020Y 

1.2 x [0.0 lOy 

or 2 (2)Y 

y=1 

, FrOtilexpt. (2), 2.4 x 10-4 = k[O.OIOY [0.020Y ... (ii) 

or 

From expt. (3),9.6 x 10-4 = k[0.020Y [0.020Y ... (iii) 

Dividing eq. (iii) by eq. (ii), 

9.6x 10-4 _ [0.020Y 

2.4 x 10-4 - [O.OlOy 

4=2X 

x=2 

Order of reaction = x + y = 2 + 1 = 3 

Rate law for the reaction is 

Rate = k[NO]z [CI 2 ] 

Considering eq. (i) again, 

1.2 x 10-4 = k[0.01O]2 [0.010] 

k = 1.2 X 10-4 = 1.2 X 102 mol-2 L2 s-1 
[0.010]3 

Example 16. For the hypothetical reaction 

2A + B ....., Products 

the followi:!g data are obtained: 

Initial cone, of Initial cone. of 
Initiail'ate 

Expt. No. (A) (B) 
",01 C l s-1 

(mol L-l ) (moIC l
) 

1. '0.10 0.20 3 x 102 

2. 0.30 0.40 3.6 x 103 

3.- 0.30 0.80 . 1.44 x 104 

4. 0.10 0.40 

5. 0.20 0.60 

'6. 0.30 1.20 

Find out how the rate of the reaction depends upon the 
concentration of A andB andfill in the blanks. 

Solution: ' From expt. (2) and (3), it is clear that when 
concentration of A is kept constant and that of B is doubled, the 
rate increases four times. This shows that the reaction is of 
second order with respect to B. 

Similarly, from expt. (1) and (2), it is observed that when 
concentration of A is increased three times and that of B two 
times, the rate becomes twelve times. Hence, the reaction is first 
order with respect to A. 

Thus, the rate law for the reaction is: 

Rate k[A][B]z 

FiQ in the blanks:' Substituting the values of expt. (1) in the 
rate eqiIation, 

or 

3 x IOz = k[0.10][0.20]2 

k = 3 X 10
2 

7.5 X 104 L2 mol-z S":I 

. [0.1O][0.20f 

Expt. (4): Rate k[O.lO][0.40]2 

= 7.5 X 104 x O.lOx 0.40 x 0.40 

= 1.2 x 103 mol L -1 s-I 

Expt. (5): Rate = k[0.20][0.60]2 

= 7.5 X 104 x 0:20 x 0.60 x 0.60 

= 5.4 x 103 mol L-1 S-l 

Expt. (6): Rate = k[0.30][1.20]2 

= 7.5 X 104 x 0.30 x 1.20 x 1.20 

= 3.24 x 104 mol L -'-I S-l 

Example 17. The table given below gives kinetic data for 
the following reaction at 298 K: 

ocr +! -.....,0/ - +CI 
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Expt. [OCr] [r] [OH'"] 10-4 xd[IQ-]/dt 

r:.ol dnt-J No. moldm-J mol d",-J moldm~3s-1 

1. 0.0017 0.0017 1.0 1.75 

2. 0.0034 0.0017 1.0 3.50 

3. 0.0017 0.0034 1.0 3.50 

4. 0.0017 0.0017 0.5 3.50 
.' 

What is the rate law and what is the value of rate constant? 

or 

or 

Solution: Let the rate law be = k[OCl- r U- Y [OH-]Z 

From expt. (1), 1.75 x 10-4 k[0.0017Y[0.0017]Y [l.O]Z ... (i) 

Fromexpt. (2), 3.50 x 10-4 = k[0.OO34l" [O.0017]Y [l.O]Z ... (ii) 

Dividing eq. (ii) by eq. (i), 

3.50 X 10-4 [0.0034Y ----:- = ::..---~ 
1.75 X 10-4 [O.0017Y 

2= 2x 

x = I, i. e., first order w.r. t. OCI-

From expt. (1),1.75 x 10-4 = k[O.0017Y [0.0017]Y [1.oy ... (i) 

From expt. (3), 

3.50 x 10-4 = k[O.OOl7]X [0.0034]Y [1.0Y ... (iii) 

Dividing eq. (iii) by eq. (i), 

3.50x 10-4 [0.0034Y ----= "'----'--
1.75 x [O.OOl7]Y 

or 2= 2Y 

or 

or 

or 

y = 1, i. e., first order w. r. t. r 
From expt. (1),1.75 x 10-4 = k[O.OOI7]x [O.OOI7]Y [1.0]Z ... (i) 

From expt. (4), 

3.50 x 10-4 = k[O.OO I 7]x [O.OOI7]Y [0.5]Z ... (iv) 

Dividing eq. (i) byeq. (iv), 

1.75 x 10-4 [1.oy 
=--

3.50 x [O.5]z 

z = -I, i.e., order w.r.t. OIr is-I. 

R 1 
k[OCr ][1-] 

ate aw 
[OH-] 

From expt. (I) k = 1.75 x 10- 4 [Oli- ] = 1.75 X 10-4 x 1.0 
[0Cl- ][1-] 0.0017 x 0.0017 

=6O.55s-1 

Example 18. The rate law for the reaction, 

2ClzO -----? 2Clz + O2 

at 200°C is founa to be: rate = k[ ClzO] 2 
• 

(a) How would the rate change if [Cl20] is reduced to 
one-third of its original value? 

(b) How should the [ClzO] be changed in order to double the 
rate? -

(c) How would the rate change if[CI20] is raised to threefold 
of its original value? 

Solution: (a) Rate equation for the reaction, 

r= k[CI 20]2 

Let the new r~te be r; so, r = k[ CI~O r = i r 
(b) In order to have the rate = 2r, let the concentration of 

Cl20bex. 

or 

or 

or 

So, 2r= 10:2 

We know that, r= k[C1 20f 

Dividing eq. (i) byeq. (ii), 

2r 
r 

x 2 
2=--':'~-

[CI20]2 

x 2 = 2[Cl20]2 

x=.J2[C1 20] 

(c) New rate = k[3CI 20]2 = 9k[CI20]2 = 9r 

i. e. , nine times of the original rate. 

... (i) 

... (ii) 

t~~IExalllple 19. For a reaction in which A and B form C. the 
following data were obtained from three experiments: 

&pi. /1fiIitd COliC. (M r') 1'" ,. 
. No. 

[A] [B] 
(_1:"8-1) 

1. 0.03 0.03 0.3 x 10-4 

2. 0.06 0.06 1.2 x 10-;4 

3. 0.06 0.09 2.7x 10-4 

What is the rate equation of the reaction and what is the value of . 
rate constant? . .. 

Solution: Let the rate equation be k[AY [BY. 

From expt. (1), 0.3 x 10-4 = k[0.03Y[0.03]y ... (i) 

From expt. (2), 1.2 x 10-4 = k[0.06Y [0.06]Y ... (ii) 

1.2 x 10-4 = [0.06Y [0.06Y 

0.3 x 10-4 [0.03Y[0.03]Y 

... (iii) 
• 
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Similarly, from expt. (1) and expt. (3), 

2x x 3Y = 9 

Solving eqs. (iii) and (iv), 

x =.0, y= 2 

Rate equation, Rate = k[B]2 

Considering eq. (i) again, 
-4 

k = 0.3 x 10 = 3.33 X 10-2 mol-I L s-I 
[0.03]2 

.. , (iv) 

14. For the decomposition of HI at 1000 K (2HI ~ H2 + 12), 

the following data were obtained: 

Rate ofdecOlDpoSition.' '", 
of HI (IDol L -1 S-I)" 'C' , ' 

0.1 

0.2 

0.3 

The order of reaction is: 

2.75x 10-8 

11 x 10-8 

24.75 x 10-8 

(a) 1 (b) 2 (c}O ' ' (d) l.5 
[ADs. (b)] 

[Hint: Rate = k [HW 

11 x 10-8 = k [0.2r 

2.75x urlr
';;;' k [0.1]" 

Dividing eq. (i) by eq~ (ii), 

4 = 2n
, n = 2] 

... (i) 

... (ii) 

15. Consider a reaction, A ~ B + C.1f the initial concentration 

of A was reduced from 2 M to 1 M in 1 hour and from 1 M to 
0.25 Min 2 hours, the order of the reaction is: 

,(a)1 (b) ° (c) 2 (d) 3 
[Ans. (a)] 
[Hint: Half life of the given reaction is independent of initial 
concentration, hence, it is a first order reaction. 

1 
t I/2 °c----;;-::)] 

a 

16. The rate of a gaseous reaction is given by the expression 
k [Af[Bf The volume of the reaction vessel is suddenly 

reduced to one half of the initial volume. The reaction rate 
relative to the original rate will be: 
(a) 1124 (b) 1132 (c) 32 (d) 24 
[ADs. (c)] 
[Hint: ... (i) 

When volume is halved, the concentration win become double. 
.. Rate = k [2A]2[2B]3 

= 32k [A]2[B]3 

= 32 x Original rate from (i)) 
17. For a chemical reaction, A ~ B, the rate of reaction 

increases by a factor of 1.837 when the concentration of A is 

increased by 1.5 times. The order of reaction with respect to A 
is: 
(a)1 (b) l.5 (c) 2 
[Ans. (b)] 

[Hint: Rate = k [A]n 

1.837 x Rate = k [l.5A r 
Dividing eq. (ii) by eq. (i), 

1.837 = l.5n 

(d) -1 

... (i) 

... (ii) 

n=312 (solving by logarithmic method)] 

18. The rate of the reaction, 

3A + 2B ~ Products 

is given by the rate expression: 

Rate = k [A][B]2 

If A is taken in excess, the order of the reaction would be: 
• (a) 3 (b) 2 (c) 1 (d) 5 

[Ans. (b)] 
[Hint: When A is taken in excess, its concentration will become 
constant; the rate law may, therefore, be given as: 

Rate = k'[Br Order = 2] 

19. For a reaction A + B ~ C + D, if the concentration of A is 

doubled without altering the concentration of B, the rate gets 
doubled. If the. concentration of B is increased by nine times 
without altering the concentration of A, the rate gets tripled. 

20. 

21. 

The order of the reaction is: (KCET 2006) 
(a) 2 (b) 1 (c) 312 (d) 4/3 
[Ans. (c)] 

[Hint: Rate=k[A]"[B]~ ... (i) 

2 x rate = k[2A]"[B]P 

3 x rate = k[A ]"[9B]P 

From eqs. (i) and (ii), a = 1 
From eqs. (i) and (iii), !3 = 1/2 

1 3 
Order=a+!3=I+-=- ] 

2 2 

... (ii) 

... (iii) 

Inversion of cane sugar in dilute acid is: [CET (J&K) 201)71 
(a) bimolecular reaction 
(b) pseudo-unimolecular reaction 
(c) unimolecular reaction 
(d) trimolecular reaction 
[Ans. (b)] 

H+ 

[Hint: C12H220 11 + H20 -----7 C6H I20 6 + C6HI20 6 

Rate = k [C'2H220U J[H201 
When water is in excess, its concentration will be constant. 
.. Rate = k' [C12H220,,1 
The reaction is, therefore, pseudo first order or pseudo 
unimolecular reaction.] . 
The brominatlon of acetone that occurs in acid solution is 
represented by 

CH3COCH3 (aq.) + Br2 (aq.) ~ CH3COCH2Br (aq.) 

+ W(aq.)+ Br- (aq.) 

These kinetic data were obtained for given reaction 
concentrations: 



CHEMICAL KINETICS 535 

Initial concentrations (M) Initial rate of 

ICHf:0CH3) (Br2) (8+) disappearance of 
Br2,Ms-1 

0.30 0.05 0.05 5.7 x 10-
5 = 

0.30 0.10 0.05 5.7 x 10- 5 

0.30 0.10 0.10 1.2 x 10- 4 • 

0.40 0.05 0.20 3.1 x 10- 4 

ICBSE (PMT) 20081 
Based on these data, rate equation is : . 

(a) Rate k[CH3COCH3][Br2][Wf 
(b) Rate k[CH3COCH3][Br2 ][W] 

(c) Rate k[CH3COCH3 ][W] 

(d) Rate = k[CH3COCH3 ] [Br2 ] 

[Ans. (c)] 

[Hint: Rate = k[CH3COCH3rx [Br2 ]11 [H+]" 

5.7 x 10- 5 = k[0.30]£X [0.05]11 [0.05P 

5.7xl0- 5 =k[0.30]£X [0.10]11 [0.05]" 

1.2 x 10- 4 = k[0.30]£X [0.10]11 [0.10]" 

3.1 x 10- 4 = k [0.40]£x [0.05]11 [0.20]" 

Dividing eq. (i) by eq. (ii), 

1 ;[~J. i.e, 13 = 0 

Dividing eq. (ii) byeq. (iii), 

~ ur i.e, y=1 

Dividing eq. (i) by eq. (iv), 

S.7x 10-
5 =[~J£X X [.!Jl 

3.1 x 4 4 

a~l 

Thus, rate law will be 

rate k [CH3COCH3]1 [H+ ]1) 

8.9 REACTION MECHANISM 

... (i) 

... (ii) 

... (iii) 

... (iv) 

Knowledge about involved steps in a reaction, and to determine 
which step is slowest or rate determining, is called mechanism. 

The intelligent guess depending on the observed rates of 
reactions about the series of steps (known as elementary 
processes) leading to the formation of products is called the 
reaction mechanism. 

For illustration a few examples of reaction mechanisms are 
given below: 

1. The reaction between H2 and 12 to form hydrogen iodide 
was originally postulated as a simple one step reaction. 

H2 +12 = 2HI 

Rate = k[H2 ][1 2] 

But, the formation of HI has been explained on the basis of the 
following mechanism: 

12~21 

H2 +1 H21 

H2I+I~2HI 

Overall reaction: H2 + 12 ~ 

(fast) 

(fast) 

(slow) 

... (i) 

... (ii) 

... (iii) 

2. The reaction of NO and Br2 is known-to be of second 
order in NO and first order in Br2' 

2NO + Br2 ~ 2NOBr 
Rate k [NO]2 [Br2 ] 

The likelihood of three molecules (2 molecules of NO and 1 
molecule of Br2) colliding simultaneously is far less than the 
likelihood that two molecules will collide. 

The mechanism is believed to be as under: 

(fast) ... (i) 

k" 
NOBr2 + NO ~ 2NOBr (slow) ... (ii) 

Overall reaction: 2NO + Br2 2NOBr 

The rate determining step involves I molecule of NO and I 
molecule of NOBr2 . Thus, the expected rate expression should be . 

Rate = k" [NOBr2 ] [NO] 
However, NOBr2 is a reaction intermediate and its 

concentration at the beginning of second step cannot be directly 
measured. 

Concentration ofNOBr2 will be equal to 
[NOBr2] == k' [NO][Br2] 

If this is substituted in the above equation, we get 

Rate = k' k" [NO] 2 [Br2 ] 

= k[NO] 2 [Br2 ] 

3. Depletion of ozone takes place in the following steps: 
Overall reaction: 

Step 1: 

(Equilibrium constant Kc ) 

k 

Step 2: 0 3 +[O]~ 202 

Rate = k[03 ][0] 

(fast) 

(slow) 

... (i) 

Nascent oxygen [0] is not present in overall reaction; thus it 
should be i1iminated. . 

K == c 

From eqs. (i) and (ii), 

][0]; [0] = Kc [03 ] 

[03 ] [02 ] 

Rate k[O]. K [0 3 ] 
3 c [0

2
] 

k Kc [03]2[02r1 

=K[03]2[02r1 

K=kxKc 

Order = 2 - 1 = I 

... (ii) 
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Iii REACTIONS OF VARIOUS ORDERS 

(i) Zero order reactions 
A reaction is said to be of zero order if its rate is independent 

of the concentration of the reactants, i. e., the rate is proportional 
to the zeroth power of the concentration of the reactants. 

For the reaction 
A ----? Products 

to be 'of zero order; 

_ dx k[A]o = k 
, dt 

Some photochemical reactions and a few heterogeneous 
reactions are zero order reactions. Such reactions are not 
common. 

Examples: 
1. Photochemical reaction between hydrogen and chlorine: 

hv 
H2 (g ) + Cl 2 (g) ----? 2HCI(g ) .. 

This photochemical' reaction' is zero order reaction. The 
reaction is studied by placing H2 and Cl 2 gases over water. The 
rate of reaction is studied by noting the rate at which water rises 
in the vessel due to dissolution ofHCI formed. The rate of rise of 
water is the same as the rate of disappearance of Hz and C12, i.e., 
the concentration of the gases per unit volume in the gaseous 
phase will not change with time, although the quantities will 
change. 

or 

2. Decomposition ofN20 on hot platinum surface: 
1 

NzO----?Nz +-Oz 
2 

Rate oc [NzO]o = k[NzO]o ::;! k 

d[N20] ::;!k 
dt 

3. Decomposition of NH3 in presence of molybdenum or 
tungsten is a zero order reaction. 

2NH3 Nz +3H2 

The surface of the catalyst is almost completely covered by 
NH3 molecules. The adsorption of gas on the surface cannot 
change by increasing the pressure or concentration ofNH3. Thus, 
the concentration of gas phase remains constant although the 
product. -is formed. Therefore, this reaction shows zero order 
kinetics. 

Other examples of zero order are: 
4. Decomposition of HI on the gold surface. 
S. Iodation of acetone in presence of H + ions, 

H+ 
CH3COCH3 + Iz ----? ICH2COCH3 + HI 

The rate equation of this reaction does not include [12] 
factor, i. e. , 

- dx = k[CH3COCH3 ][H + 1 
dt 

Characteristics of zero order reaction 
(a) The concentration of reactant decreases linearly with time. 

[All::;! [A]o - kt. 

(b) The time required for the reaction to be cOnlplete, i. e. , 
time at which [A] is zero. 

[Alo Initial concentration 
t Completion ~ -k- = . Rate constant 

(c) T~e units of k ~e mol L-I time-I. 

(ii) First order reactions 
A reaction is said to be of first order if its rate is determined by 

the change of one concentration term only: 
Consider the reaction, 

A ----? Products 
Let a be the concentration of A at the start and after time t, the 

concentration becomes (a - x), i. e. ,x has been changed into", 
products. The rate of reaction after time 't' is given by the . 
expression 

or 

dx 
-=k(a-x) 

. dt ...• , .' . 
(/);",', ·,.t·" ' 

--'-"=ldt 
(a-x) 

upon integration of above equation, 

I dx =kldt 
(a-x) 

or -loge (a x)=kt+c 
where c is integration constant. 

or 

or 

or 

When t = 0, x = 0, 
c= loge a 

Putting the value of' c', 
-loge (a x)=kt-Ioge a 

log e a - log e (a - x) = kt 

; 

a 
loge --=kt 

(a-x) 

k 2.303 I a 
=-- oglo-

I (a - x) 

This is known its· the kinetic equation for a reaction of the first 
order. The following two important conclusions are drawn from 
this equation: . 

(a) A change in concentration unit "ill not change the 
numerical value of k. Let the new unit be n times the frrst one. 

2.303 na 
So, k = -- loglo ---

I n(a x) 

2.303 a 
or k=--loglO--

I (a - x) 

Thus, for first order reactions, ai1Y quantity which is 
proportional to concentration can be used in place of 
concentration for evaluation of' k'. 

(h) The time taken for the completion of same fraction of 
change is independent of initial concentration. For example, 
for half change, 

x = O.Sa and t = 11/2 

So, k 2.303 I a 2.303 I 2 
= oglo =-- oglO 

1112 O.5a 11/2 
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or 

0.693 
=--

tl/2 

O~69T 

k 

Thus, tliZ is independent of initial concentration' a'. 
This time 't' in which the initial concentration becomes half is 

termed as half life period. Half life period of a first order 
reaction is independent of the initial concentration of the reactant. 

Since, the velocity constant is independent of concentration 
and depends inversely on the. time, the unit of k will be time -I, 
i. e., sec-lor min -lor hour-I. The equation of the first order can 

also be written in the following form when initial concentration is 
not known: . 

k 
·2.303 I (a-xI) 

= oglO --'---..:...:.. 
(l z -t l ) (a-xz) 

(~ - XI ) is the concentration after time II and (a - x2 ) the 
concentration after time t z when t 2 > II . 

When the log of the concentration of the reactant at various 
intervals of time is plotted against the time intervals, a straight 
line is obtained (Fig. 8.13). The slope of this line gives the value 
2.303Ik, from which k can be evaluated. 

1 
I: 
.2 
N 
1:: 
~ 
I: o 
u 

.3'----------
lime-

Fig. 8.13 

Examples of first order reactions 

I. Decomposition ofHz0 2 in aqueous solution. 

HZ02 ~H20+.!.02 
2 

2. Hydrolysis of methyl acetate in presence of mineral acids. 
Acid 

CH3COOCH3 +H20~CH3COOH+CH30H 

3. Inversion of cane sugar in presence of mineral acids. 

Acid 
CI2 H22 0 11 +HZO~C6HIZ06 +C6H120 6 

4. Decomposition of ammonium nitrite in aqueous solution. 

NH4 NOz ~ Nz + 2HzO 

5. Hydrolysis of diazo derivatives. 

C 6HsN=NCI + H20 ~ C 6Hs0H + N2 + HCI 

Note: In case of gases, pressure can be used in place of concentration. 

First order growth kinetics 
It is used for population growth and bacteria multiplication, 

e.g., 
Time 

o 
dt 

Population 
a 

(a+x) 

Growth rate is directly proportional to present population. 
dx 
-oc(a+x) 
dt 

=k(a+x) 

~ kdl 
(a -f x) 

... (i) 

It isa differential equation of first order and first degree in 
variable separable form. It may be solved on integration. 

Here, 
At 1=0, 

J ~=kJ dl+c 
(a+x) 

log e (a + x) = kt + c 
c = integration constant 
x=o 

log e a = k x 0 + c 
c= loge a 

Substituting the value of' c' in eq. (ii), we get 
loge (a+x)=kt+loge a 

a 
kt -log -

e(a+x) 

k == - 2.303 log 10 (_a_) 
t a+x 

This is the kinetics for first order growth kinetics. 

... (ii) 

.. , (iii) 

Note: . (1) If volwnes of reagents are given in volumetric analysis 
then we use the following equation to determine rate constant: 

k 2.303 I V ~ - Vo 
-- oglO--

t V .. - VI 

where, Vo =:: volume used at zero time, 
Vt :; volume used at time' t' , 
V .. = volume used at infinite time 

Case I: When Vo is not given, we use 

k 
2.303)' V~ 

:;-- oglO--
t V .. - VI 

Case II: When V .. is not given, then 

k - 2.303 I rVo ) - oglO -
t \ VI 

(2) If information is given in terms of angle of rotation of 
optically active compounds, measured by polarimeter with 
respect to time, then 

k - 2.303 I { " ... - ro 1 --- og10 --S 
t r,., - 'i 

where, ro :; angle of rotation at zero time, 
'i = angle of rotation at time' t' , 
r~ = angle of rotation at infinite time 
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Case I: If ro is not given, then 

k == 2.303 )OglO{ ~r_ ~}. 
t r=-li 

Case II: If r_ is not given, then 

k - 2.303 I fro} --- oglO -
t li 

(3) If pressure is given in gaseous reactions, then we use the 
following kinetic equation: 

k - 2.303 1 {po} --- oglO --
t Po-x 

where, Po = pressure of reactant at initial stage, 
( Po x) = pressure of such a reactant at 't' time. 

Values of 'Po' and 'x' can be calculated using the following 
examples: 

A(g) ----t B(g) + C(g) + D(g) 

At t = 0 Po 000 
Pressure afteitime 't' (Po'-': x) x x x 

Pressure after a long 0 Po Po Po 
time or infinite time 

Case I: If total pressure of reaction mixture is given in place of 
pressure of reactant, then 

PI == (Po - x + x + x + x) 

where, PI == pressure of vessel at time' t ' . 
Case II: Ifpressure of vessel after a long time or infinite time is 
given, then 

P- == Po + Po + Po 

(iii) Second order reactions 

A reaction is said to be of second order if its reaction rate is 
determined by th~ variation of two concentration terms. 

The kinetics oNecond order reactions are given as follows: 
(a) When concentrations of both reactants are equal or two 

molecules of the same reactant are involved in the change, i. e., 

or 
A + B ~ Products 

2A ~ Products. 

dx = k(a _ x)2 , 
dt 

On solving this equation, 
1 x 

k=-·---
t a(a x) 

where, a initial concentration lof the reactant or reactants and 
x = concentration of the reactant changed in time t. 

(b) When the initial concentrations of the two reactants are 
different, i. e. , 

A + B ~ Products 
Initial conc. a b 

dx k(a -'x)(b - x) 
dt 

k 
2.303 I b(a x) 

== og 10 --'---'-
tea-b) a(b-x) 

(a - x) and (b x) are the concentrations of A and B after time 
interval, t. 

Characteristics of the second order reactions 
(i) The value of k (velocity constant) depends on the unit of 

conc~ntrlition.The unit:6fk is expressed as (IIlolllitre) -I ~ time~1 
or litre mol-I time-I. 

(ii) Half life period (t 1/2) == ~ . 0.5a = 1 
. k a x O.5a ka 

Thus, half life is inversely proportional to initial concentration. 
(iii) Second order reaction conforms to the first' order when 

one of the reactants is present in large excess. 

111..1,' k 2.303 I b(a - x)'f b th i:U'..mg, oglO' 1 a »> en 
tea-b) a(b-x) 

(a -x)= a and (a - b)"" a 

Hence, k 
2.3031 ba 
-- oglo--

ta a(b -x) 

ka k' 2.303 I b . = =-- oglo--
t (b - x) 

or 

(since, 'a' being very large, may be treated as constant after the 
change). Thus, the reaction follows first order kinetics with 

. respect to the reactant taken relatively in small amount. 

Examples of second order reactions 

1. Hydrolysis of ester by an alkali (saponification). 

CH3COOC2Hs + NaOH ~ CH3COONa + C 2HsOH 

2. The decomposition of N02 into NO and O2 , 

2N02 ~2NO+02 

3. Conversion of ozone into oxygen at 100°C. 

203 ~302 

4. Thermal decomposition of chlorine monoxide. 

2C120~ 2CI 2 + O? 

(iv) Third order reactions 

A reaction is· said to be of third order if its rate is determined 
by the variation of three concentration terms. 

When the concentration of all the three reactants is same or 
three molecules of the same reactant are involved, the rate 
expression is given as: 

3A ~ Products 

A +B+C~Products 

dx = k(a _x)3 
dt 

On solving this equation, 

k=~. x(2a x) 
t 2a 2 (a _x)2 

Characteristics of third order reactions 

1. Halflife period 

1 0.5a(2a - O.5a) 1 0.5a x 1.5a =-.-, =: 

k 2a 2 (0.5ci)2 k x 0.5a x 0.5a 



CHEMICAL KINETICS 539 

3 
::=--

2a 2k 
Thus, half life is inversely proportional to the square of initial 

concentration. 
2. The change in the unit of concentration changes the 

numerical value of k. 
3. The unit of k is expressed as (molllitre)-2 time-lor 

litre 2 mol-2 time-I. 

Examples of .third order reactions 
I. Reaction between nitric oxide and oxygen. 

2NO + O2 ~ 2NOz 

2. Reaction between nitric oxide and chlorine. 

2NO+CI 2 ~2NOCI 

3. Reduction of FeCI 3 by SnCI2 . 

2FeCI 3 + SnCl2 ~ SnCl4 + 2FeCl2 

Expressions for rate constant for reactions of different 
orders: 

Reaetlon Order Rate laweqn. Expreulon for rate eon.t. 

A ~ Products 0 Rate = k k= ![[A]o-[A]] 

k = 2.303 10 LA]o A ~ Products Rate = k[A] 
t g [A] 

2A ~ Products 2 Rate = k[ A ] 2 k =H[~] -[1]J 
A+ B~ 

Products 

3A ~ Products 

_ k =2.303· 10 [Blo[A] 
2 Rate -.k[A][B] t([Alo-[B]o) g [A]o[B] 

Parallel or Competing reaction 
The reaction in which a substance reacts or decomposes in 

more than one way are called parallel or side reactions, 
kl 

AC: 
-d [A] :;:: (k

l 
+ k2 )[A]::= kay [A] 

dt 

kl ::= fractional yield of B x kay 
k2 :;:: fractional yield of C x kay 

If kl »k2 then, 
A~Bmain and 
A ~ C is side reaction 

Let after a definite interval x mol/litre of Band y mol/litre of C 
are formed. 

i. e., 

x !f.L 
y k'], 

d [B]/d [C]:;::~ 
dt dt k2 

Variation of concentration A, Band C with time may be 
graphically represented as, 

B 

i C 

Cone. 

A 

Time-
Fig. 8.14 

Examples: 

OH 

OH kl ONO, 
~I 

o~o, OH 
(i) 

0" . k2 

(Main) . 

(Side) 

I 

Consecutive reaction 

This reaction is defined as that reaction which proceeds from 
reactants to final products through one or more intermediate 
stages. The ovemll reaction is a result of s~veral successive or 
consecutive steps. 

A~B~Candsoon 

Examples: (i) Decomposition of ethylene oxide: 
kl 

(CH2 hO~ CH3CHO 
k2 

CH3CHO~ CO+ CH4 

(ii) The pyrolysis of acetone: 
(CH3)2CO~CH4 +CH2 =C=0 

Ketene 

I 
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1 
CH2 =C=O--7 C 2H4 +CO 

2 

Tlme
Fig. 8.15 

Variation of concentration of various substances during the 
progress of reaction (A ~ 8 ~ C ) 

''I kz 
A~B~C 

Let initially (t = 0), [B] = 0 and kl < k2 then maximum 
concentration of[B] may be calculated as, 

[

k ] kZlkJ kz 

[B]max [A]O-1 k2 
where, [A]o = initial concentration of A 

as, 
Time in which B attains maximum concentration may be given 

2.303 I (k2) t = og -
max k2 - kJ kJ 

Concentration of[B] after time 'f' may be calculated as, 

[B]t k\ [A]o [e-kJt e-k2t] 

k2 k\ 

Activation energy diagram of a composite reaction involves 
more than one peaks and number of peaks indicate the number of 
different types of activated complexes involved. The numher of 
valleys in the activation energy diagram indicates the number of 
different types of reactive intermediates involved. 

1 
Energy 

* 

Reaction coordinate -

* ~ Activated complex 
I ~ Intermediate 
AH = +ve, endothermic 

reaction 

Fig. 8.16 Activation energy diagram 
of a two steps composite reaction 

Energy Diagram of two Steps Reaction 
Let us consider a reaction of the type : 

A. Step I ) B Step 2 ) C (Exothermic) 

These are two possibilities in this reaction 

First possibility : 
Step 1 A ----"7 A' ----"7 B 

Step 2 B ----"7B' ----"7C 

1 
Potential 
Energy 

c 
Reaction coordinate -

Fig. 8.17 

Activation energy of step 1 is greater than that of step 2 thus 
step 1 will be slow and rate determining. 

Second possibility : 

1 
potential 
Energy 

s* 

c 
Reaction coordinate -

Fig. 8.18 

Activation energy of step 2 is greater than that of step 1 hence 
step 2 will be slow and rate determining 

Reversible Reactions 
The reactions in which the products of chemical change react 

together to form the original reactants, are called reversible 
reactions. These are also called opposing or counter reactions . 

. Let us consider a reversible reaction in which both forward 
and backward reactions are of fIrst order. 

Initial state (I = 0) 

Conc. at time (t) 

kJ 
A~B 

k2 

a 0 
a-x x 

Equilibrium conc. (a - Xe ) xe 

k k . 2.303 1 {Xe} 
J + 2 = -- oglo --

. t Xe -x 

eMl METHODS FOR DETERMINATION OF 
ORDER OF A REACTION 

The important methods used are the following: 
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1. Method of integration (Hit and trial method) 

The most simple method is the one in which the quantities 
a, x and t are determined and substituted in the kinetic equations 
of various orders. The equation which gives the most constant 
value for the specific rate constant (k) for a series of time 
intervals is the one corresponding to the order of reaction. If all 
the reactants are at the same molar concentrations, the kinetic 
equations are: 

k 2.303 I a., fi d . = -- og 10 --- ,~or lrst or er reactions; 
t (a - x) 

k= l[_I __ l] 
t (a-x) a ' 

for second order reactions; 

k = I [ I _ ~] , for third order reactions. 
2t (a-x)2 a 

2. Graphical method 

A graphical method based on the respective rate laws can also 
be used. 

If the plot of log (a - x) versus 't' is a straight line, the 
reaction follows first order. 

If the plot of _1_ versus' t ' is a straight line, the reaction 
(a x) 

follows second order. 

If the plot of I versus' t ' is a straight line, the reaction 
(a-x)2 

follows third order. 

In general, for a reaction of nth \)rder, a graph 

versus 't ' must be a straight line. 

3. Half life method 

A general expression for the half life, (11/2 ), is given by 
1 

t 112 oc---;;-:t 
a 

where, 'n' is the order of the reaction. 
Starting with two different initial concentrations al and a2 for 

the same reaction, the half lives are (t112)1 and (11/2 h 
respectively are determined. As we know that, 

1 
(t 112)1 oc ---;;-:t ... (i) 

a1 

and ( 
1 . tll2h oc __ 

11-1 a2 

Dividing eq. (i) by eq. (ii), 

(t1l2 )1 a2 

( )

,,-1 

(t1/2 h = ~ 

... (ii) 

... (iii) 

Taking logarithms on both sides, 

log 10 (t 112)' - log 10 (t 112 h = (n - l)[log 10 a2 - log load 
log 10 (t 112)' - log 10 (t 112 h 

(n 1)= --------
log 10 a2 -logIO al 

loglo (t1l2)1 -loglo (l1I2h 
or n 1+ ... (iv) 

log 10 a2 - log 10 al 

Plots of half lives vs. concentration (t 112 ex: a 1-n) : 

l Zemo~, ll'~o~, lV' lV' 
Conc.-+, Conc.-+ 1/a-+ 1/a2 -+ 

This relation can be used to determine order of reaction 'n'. 

4. van't Hoff differential method 
As we know that, the rate of a reaction varies as the nth power 

of the concentration of the reactant where' n' is the order of the 
reaction. Thus, for two different initial concentrations C 1 and C 2' 

equations can be written in the form 

_ dC, = ken and _ dC2 = kCn 
dt I dt 2 

Taking logarithms, 

loglo (- d~l ) = log 10 k +n loglo CI ... (i) 

and ... (ii) 

Subtracting eq. (ii) from eq. (i), 

or , ... (iii) 
10gIO C1 -loglO C2 

dCI d dC2 d . d fr .. - -- an - -- are etermlOe om concentration vs. time 
dt dt 

graphs and the value of' n' can be determined. 

:: ::::I_SOME SOLVED EXAMPLES\I:::::: 

I£xample 20. Rate of a reaction A + B ~ product, is 
given as a function of different initial concentrations of A and B. 

[A] [B] Initial rate 
(mol L-1) (moIL-I) (moIL -1 min-I) 

0.01 0,0} 0.005 

0.02 0.01 0.010 

0.01 0.02 0.005 

I 
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Determine the order of the reaction with respect to A and w. r. t. 
B. What is the half life of A in the reaction? 

Solution: Let the rate of reaction be 

R~te = k[AY[B]Y 

From the data given, it is clear that by doubling the 
concentration of A, the rate also becomes double when B is kept 
constant. Thus, the rate is directly proportional to concentration 
ofA. 

Rate oc: [A], i.e., x 1 
Or the order of reaction w.r.t. A is 1. 

When the concentration of A is kept constant and the 
concentration of B is doubled, the rate does not change, i. e. , 
y = 0; or the order of reaction w.r.t. B is zero. 

dx 
Thus, reaction rate, - ~ = k[ A] 

dt 

Again k ..:. 0.005 - 0 5 . -I --- - . mIn 
0.01 

Half life of A := 0.693 0.693 = 1.386 min 
k 0.5 

. Example 21. Thermal decomposition of a compound is of 
the first order. If 50% of a sample of the compound is 
decomposed in 120 minutes, how long will it take for 90% of the 
compound to decompose? 

Solution: Half life of reaction = 120 min 

We know that, 

k - 0.693 _ 0.693 :... 5 77 10-3 ·-1 - - ---. x mIn 
tl/2 120 

Applying first order reaction equation, 
2.303 a 

t = log 10 
k a-x 

Ifa=100, x 90or(a-x)=IO, 

S 2.303 I 10 2.303 399' 0, . og 10 ::::: mIn 
5.77 x 10-3 5.77 x 10-3 

Example 22. The decomposition ofCl20 7 at 400K in the 
gas phase to Cl2 and 02 is a first order reaction. 

(i) After 55 seconds at 400K, the pressure ofCl20 7 falls from 
0.062 to 0.044 atm. Calculate the rate constant. 

(ii) Calculate the pressure of Cl20 7 after 100 seconds of 
decomposition at this temperature. 

Solution: (i) As pressure oc concentration, 

k 
- 2.303 1 Pi (initial pressure) 
- -- og 10 --'----=-----'---

PI (pressure after time t) 

- 2.303 I 0.062 - 62 10-3 -1 ---. oglO --- . x s 
55 0.044 

(ii) Again applying the first order kinetic equation, 

2.303' Pi (initial pressure) 
k = log 10 -. --------

t Pt {pressure after time t) 

6 2 10-3 - 2.303 I 0.062 
. x --- oglO 

100 PI 

or 
6.2 x 10-3 x 100 . , 

2.303 = log 10 0.062 - log 10 (PI) 

or 0.2692 = log 10 0.062 - log 10 (PI) 

or log 10 (~ ) = log 10 0.062 0.2692 

= (2.7924 - 0.2692) 

PI = 0.033 atmosphere 

Pressure after 100 sec = 0.033 atm 

Example 23. The half life of a first order reaction is 60 
min. How long will it take to consume 90% of the reactant? 

Solution: For the first order reaction 

k = 0.693 0.693 == 11.55 x 10-3 min-I 

tl/2 60 

Applying first order kinetic equation, 
2.303 a 

t = --log 10 --
k (a-x) 

Given: a= 100,x== 90, i.e., (a-x)=(100-90) 10 

Hence, t 2.303. log 10 
11.55 X 10-3 10 

= 199 min 

. Example 24. A first order reaction has a rate constant of 
15 x 10-3 

S -I. How long willS.O g of this reactant take to reduce 

to 3.0 g? 
Solution: Applying first order kinetic equation, 

2.303
1 

a 
k oglo(a_x) 

Given: k::::: 15x 10-3 sec-I ,a =-5 g,(a -x)::::: 3 g 

2.303 5 
t = 3 log 10 :::: 34.07 sec 

15x 10-: 3 
So, 

. Example 25. Catalytic decomposition of nitrous oxide by 
gold at 900°C at an initial pressure of 200 mm was 50% in 53 
minutes and 73% in 100 minutes. 

(a) What is the order of reaction? 
(b) How much it will decompose in 100 minutes at the same 

temperature but at an initial pressure of600mm? (lIT 1990) 
. Solution: (a) Using first order kinetic equation and 

substituting given values, 

In first case: k = 2.303 10 200 = 0.0131 min- I 

53 glO 200-100 

In second case: k = 2.303 10 200 = 0.0131 min -I 
100 glO 200-146 

As the values of k come out to be the same in both cases, the 
reaction is of first order. 
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(b) As in the first order reaction, the time required for the 
completion of same fraction is independent of initial 
concentration; the percentage decomposition in 100 minutes 
when the initial pressure is 600 rum will also be 73%. 

. Example 26. A substance reacts according to the first 
order rate law and the specific reaction rate for the reaction is 
I x 10-2 S-I. If the initial concentration is 1.0 M 

( a) What is the initial rate? 
(b) What is the reaction rate after I minute? 
Solution: (a) Initial rate of a first order reaction kC 

=IxI0-2 X 1.0= Ix 10-2 molL-1 S-I 

(b) Concentration after 60 seconds is calculated by applying 
first order kinetic equation, 

or 

or 

k 2.303 1 1 
60 oglo (I-x) 

1 x 10-2 = 2.303 log (1- x)] 
60 

60x 10-2 

---= -log (I-x)= 0.2605 
2.303 

log (1- x) = - 0.2605 

= 1.7395 

(1- x) antilog of (1.7395) = 0.5489 mol L-I 

Rate of reaction after 1 minute = k x C 

= I X 10-2 x 0.5489 

= 5.489 x 10-3 mol L-:I S-I 

Example 27. Afirst order reaction is 50% completed in 30 
minutes at 27°C and in IOminutes at 47°C. Calculate the reaction 
rate constant at 27°C and the energy of activation of the reaction 
in kJ mol-I. 

or 

or 

Solution: 
. 0.693 

For first order reaction k = --
tl/2 

k 0.693 0.0231 . -I 
270C = -- == mIn 

30 

k 0.693 00693 . -I 
470C =--=. mm 

10 
Now applying the following equation: 

1 kl r T2 Ii J. 
og 10 k2 = 2.303 x R . \ T2 . Tl 

I 0.0231 (320 - 300 \j 
og 10 0.0693 2.303 x 8.314' 320 X 300 

20 
-loglO 0.3333 = x~-

19.1471 96000 

Ea = - 19.1471 x 96000 x log 0.3333 
20 

91906x (- 0.4772) 
= 43857 J mol-I = 43.857kJ mol-I 

Example 28. In Arrhenius equation for a certain reaction, 
the values of A andEa (activation energy) are 4 x 1013 sec-1 and 

98.6kJ mol-1 respectively. If the reaction is of first order, at 

what temperature will its halflife period be 10minutes? 

or 

or 

Solution: According to Arrhenius equation, 
k= Ae-Ea IRT 

E 
loge k == loge A __ a 

RT 
. . Ea 

2.303 log 10 k = 2.303 log 10 A - RT 

F fi d 
. 0.693 

or a Irst or er reactIOn t 112 = k 

(liT 1990) 

So, _,'1. 0.693 -I ( 
_,' It -- sec t 112 

.600 
10min 600 sec) 

1.1 x 10-3 sec-I 

H I .'.: 0-3 ) 1 (4 1013 ) __ 98_.6_x __ 10_
3

_ ence, og (l.lx 1 == og x -
2.303 x 8.314 x T 

T= 31O.95K 

Example 29. A second order reaction, in which both the 
reactants have same concentration, is 20 % completed in 500 
seconds. How much time it will take for 60% completion? 

Solution: The second order equation when both the 
reactants have same concentration is 

k~. x 
t a(a - x) 

If a = 100, x = 20, t == 500 seconds. 

So, k==_I_ x 20 
500 lOOx (100 20) 

When a 100, x == 60, t == ? 
1 60 

t==-·---
k 100 x 40 

Substituting the value of k, 

500x 100 x 80 60 
t= x---

20 l00x40 

or t == 3000 seconds 

Example 30. A first order reaction is 20% complete in 10 
minutes. Calculate the time taken for the reaction to go to 80% 
completion. 

Solution: Applying first order equation, 

k - 2.303 10 100 
- t· g 10 (100- 20) 

- 2.303 1 100 _ 0 0223 . -I -W oglo 80-' mm 
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Again applying first order equation, 

2.303
1 

100 
t==-k- oglO (l00-80) 

== 2.303 I 100 
0.0223 og 10 20 

= 72.18 min 

Example 31. The decomposition of dinitrogen pentoxide 
(N 205 )follows first order rate law. Calculate the rate constant 
,f; om the given data: 

t 800 sec [N20 S] = 1.45mo/L-I =[Ad -t=1600sec [N20 S] = 0.88 mol L-l =[A 2 J 

Solution: Applying the formula, 

k '- 2.303 I [Ad - oglo--
(t2 t l ) [A 2 ] 

= 2.303 I 1.45 
(1600 800) og 10 0.88 

= 2.303 x 0.2169= 6.24 x 10-4 sec-I 
800 

Example 32. The decomposition ofN 205 according to the 
equation, 

N 20S (g) -----t 4N02 (g) + O2 (g) 
is a first order reaction. After 30 minutes from the start of the 
decomposition in a closed vessel, the total pressure developed is 
found to be 284.4 mm Hg and on completion, the total pressure is 
584.5 mm Hg. Calculate the rate constant of the reaction. 

(lIT 1991) 

Solution: 

On decomposition of2 moles ofN20 s, 4 moles ofN02 and 1 
mole of O2 are produced. Thus, the total pressure after 
completion corresponds to 5 moles and initial pressure to 2 
moles. . 

or 

or 

or 

Initial pressure ofN20s, Po = ~ x 584.5= 233.8mmHg 
5 

After 30 minutes, the total pressure = 284.5 mm Hg 

2N20 S -----t 4N02 + 02 
PO-2P 4p P 

Po + 3p 284.5 

3p= 284.5 233.8= 50.7mmHg 

p= 50.7 16.9mmHg 
3 

Pressure ofN20 s after 30 minutes = 233.8 - (2 x 16.9) 

/ =200mmHg 

k - 2.303 I 233.8 - 5 2 10-3 ·-1 --30 oglO --- . x mm 
200.0 

. Example 33. The gas phase decomposition of dimethyl 
ether follows first order kinetics. 

CH 30CH 3 (g) -----t CH 4 (g ) + H 2 (g ) + CO(g) 

The reaction is carried out in a constant volume container at 
5000 e and has a half life of14.5 minutes. Initially only dimethyl 
ether is present at a pressure of 0.40 atm. What is the total 
pressure after 12 minutes? Assume ideal gas behaviour. 

or 

or 

(lIT 1993) 

Solution: k 0.693 = 0.693 = 0.047793 min-I 

tU2 14.5 

Let the pressure of dimethyl ether after 12 minutes be p atm. 
Applying first order equation, 

2.303 
k=--loglo 

t P 

log 10 0.4 0.047'93 x 12 0.2490 
P 2.~03 

0.4 = 1.7743 
P 

P = ~ = 0.2254 atm 
1.7743 

Decrease in pressure, x = 0.4 - 0.2254 == 0.1746 atm 

CH30CH3(g) -----t CH4 (g)+ H2(g)+ CO(g) 
Po x x x x 

Total pressure = Po + 2x 

= 0.4 + 2x 0.1746 
=0.7492atm 

, . Example 34. The half life of first order decomposition of 
nitramide is 2.1 hours at 15°C. 

If6.2g ofNH 2N02 is allowed to decompose calculate (i) time 
taken for NH2N02 to decompose 99% and (U) the volume of dry 
N20produced at this point, measured at STP. (lIT 1994) 

S I ti . (.) k - 0.693 - 0.693 - 0 33 hr-I o u on. 1 ------- . 
t 112 2.1 

Applying kinetic equation of first order reaction, 
2.303 a 

k==--, log 10 --
t (a-x) 

or 2.303 I 100 
t = 0.33 oglO (100- 99) 

= l3.96hrs 

(ii) No. of moles ofNH2N02 decomposed 

= 0.99 x 6.2 
62 

=0.099 

No. of moles of N20formed == 0.099 

Volume of N2 ° at ~TP = O.099'x 22400 mL 

= 2217.6mL 
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Example 35. From the following data for the reaction 
between A and B: 

Expt. [A] [B] 
Initial rate (mol L- I S-I) 

No. (moILI) (molL-I) ...;!. '- ,c. 300K 320K 

(1) 2.5 x 10-4 3.0 X 10-5 5.0 X 10-4 2.0 X 10-3 

(2) 5.0 x 10-4 6.0 x 10-5 4.0 X 10-3 

(3) 1.0 x 10-3 6.0 X 10-5 1.6 X 1{;-2 

Calculate the following: 
(z) The order of the reaction with respect to A and with 

respect to B, 
(il) The rate constant at 300K, 

(iii) The energy of activation and 
(iv) The pre-exponentialfactor. (liT 1994) 
Solution: (i) Let the rate law be: 

Rate = k[AY [BJY 

From expt. (1), 5.0 x 10-4 =k[2.5 x 10-4 Y [3.0 x 10-5 JY ... 0) 

From expt. (2),4.0 x 10-:3 k[ 5.0 x 10-4 n 6.0 x 10-5 Y ... (ii) 
, -3 

D· 'd' '(") b (.) 4,.0 x 10 2x 2Y 8 IVl mg eq. 11 y eq. 1, =.::::; 
, 5.0 X 10-4 

From expt. (3),1.6 x 10-2 ::::; k[l.O X 10-3 Y [6.0 X 10-5 Y : .. (iii) 

Dividing eq. (iii) by eq. (ii), 1.6 x 10-
2 

::::; 2X = 4 
4.0x 10-3 

or x=2 and y=1 

Hence, order w.r.t. A is 2nd and order w.r. t. B is 1st. 

(ii) Rate = k· [A]2[B] 

From expt. (I ),5 x 10-4 = k[2.5 x 10-4]2 [3.0 X 10-5 ] 

. 5x10-4 , 
or k= =2.67x108 L2 mol-2 

S-1 
[2.5 x 10-4]2 [3.0 X 10-5 ] 

(iii) From Arrhenius equation, 

I 2.0x 10-3 
, 20 

ogIO 5.0x 10-4 ::::; 2303 x 8.314 x 300x 320 

2.3,03x8.314x300x320 I 4 
---.,.-------- x og 10 

20, 

= 55.333 k1 mor l 

(iv) Applying log 10k = log 10 A - --=--
, , 2.303RT 

,A ' 55.333 
10glO ,- '" :::: 9.633 

k' 2303 x 8.314 x 300 

or 

or 

A ' 
-= 4.29 x 109 

k 

A = 4.29 X 109 x 2.67 X 108 

=1.145 X 1018 

Example 36. At a certain temperature, the half change 
period for the catalytic decomposition of ammonia were found as 
follows: ' 

Pressure (Pascals): 6667 13333 26666 

Half life period in hours: 3.52 1.92 1.0 

Calculate the order of reaction, 

'( ) ( )n-l 
Solution: '~::::;l~ 
, (tll2 h a1 

where, n is order of reaction 

, From the given data, 

3.52 __ (13333Jn-l 
1.92 6667 

(a oc initial pressure) , 

(2t- 1 

log ::~~ (n-I)log2 

= 0.3010 x (n -I) 

0.2632 = 0.3010 x (n I) 

n 1.87 z 2 

Similar calculations are made between fITst and third' 
observations. n comes equal to 1.908 (z 2) . 

Thus, the reaction is ,of second order. 

" Example 37. On heating, arsine (AsH} ) decomposes as: 

2AsH3(g)~2As(s)+ 3H2 (g) 

The total pressure measured at constant temperature and 
constant volume varies with time as follows: 

t (min) ° 5 7.5 10 
pi mm Hg 760 836 866.4 896.8 

Calculate therate constant assuming the reaction to follow the 
firs/order rate law. 

Solution: For fITst order, the,rate equation is 

Initially after time t 

k 2.303 1 [A]o 2.303,1 
-- og--= og 

t [A] t P 

given, Po == 760rrmi Hg. 

The decomposition reaction is: 

2AsH3 (g) --? As(s) + 3H2 (g) 
. Po o 0 

" PO-2x 3x 

Total pressure, PI Po - 2x+ 3x= Po + X 

X=PI-PO 

PAsH] (Po - 2x)= Po - 2Pt + 2po= 3po - 2pt 

I 
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After 5 minutes, PAsH) (3 x 760) (2 x 836) 

==608mmHg 

k == 2.303 log \0 760 0.0446 min- I 

5 608 

After 7.5 minutes,PAsH) (3 x 760) - (2 x 866.4) 

== 547.2 mm Hg 

k 2.303 10 . 760 == 0.0438 min -I 
7.5 glo 547.2 

After)O minutes, PAsH
3 

(3 x 760)(2 x 896.8) 
486.4mmHg 

k 2.303 1 760 - 0 0446 '. -I -- oglo -,- -. mm 
'10 486.4 

" Example 38. Cane sugar is gradually converted into 
. dextrose and laevulose by dilute acid. The rate of inversion is 

observed by measuring the polarisation angle, at various times, 
when the following results are obtained: 

Time (min) 0 10 20 30 40 100 00 

Angle 32.4 28.8 25.5 22.4 19.6 -6.1 -14.1 

Show that the reaction is of first order. Calculate the value oft, 
when the solution is optically inactive. 

Solution: In case, the inversion of cane sugar is a first order 
change, then 

k 2.3031 
== oglo 

t [A] 
2.303 1 
-- oglo 

t 'i r~ 

When, t 10, ro = 32.4, 'i == 18.8, ,r"" == -14.1 

k - 2.303 I 32.4 - (-14.1) 
-ill oglO 28.8- (-14.1) 

2.3C3 1 46.5 0008 . -1 
10 ogiO 42.9 ==. mm 

When, t = 20, ro 32.4, 'i 25.5, r"" == 14.1 

k 2.303
1 

32.4 - (-14.1) 2.303 i 46.5 
20 oglO 25.5 (-14.1) 20 og 39.6 

== 0.008 min -I 

When, t 30, ro 32.4, 'i 22.4, r= == -14.1 

k _ 2.303 10 _32_.4_..::-(-_14_'-:;,.1) 
- 30 glO 22.4 (-14.1) 

== 0.008 min- I 

2.303 I 46.5 
30 ogiO 36.5 

Thus, the reaction is of first order as the value of k is constant. 
The solution will be optically inactive when half of the cane 

sugar is inverted. • 

,t
1l2 

== 0.693 0.673 == 86.6min 
k 0.008 

Ex.mple 39. 1 mL of methyl acetate was added to a flask 
containing 20 mL of NI20 HCl maintained at 25 0 C. 2 mL of the, 

reaction mixture were withdrawn at different mtenJals and 

titrated with a standard alkali s.olution. The following results 
were obtained: 
Time (min) 0 75 119 183 00 

Alkali used (mL) 19.24 24.20 26.60 29.32 42.03, 
Show that the reaction follows first order kinetics. 

Solution: In case the hydrolysis follows first order kinetics, then 

k 
2.303 1 2.303 I V= -

== oglO -- oglo --"-
t [A] t V"" - VI 

When, t == 75 min, V"" = 42.03, Vo == 19.24, VI 24.20 

k 2.303
10 

(42.03 - 19.24) = 2.303 10 22.79 
75 glO (42.03-24.~o') 75 glO 17.83 

== 0.00327 min -I 

t 119min, V<x> = 42.03, Vo 19.24, VI == 26.60 

, 2.303 1 (42.03 - 19.24) 2.303 1 ,22.79 
k 119 oglO (42.03 .... 26.60)= 119 ogiO 15.43 

0.00327 min- I 

Since, the values of k are constant, hence, it follows first order 
kinetics. 

, Example 40. 

obeys the rate law r 

The gaseous decomposition of ozone 

203 ~302 

d[03] ]2, 
---==~..::..;;;.-

dt [02 ] 

Show that the following mechanism is consistent with the 
, above rate law: ' 

or 

Keq 

0 3 ~ O2 + 0 
kJ 

0+03 ~202 

Solution: From the slow rate detennining step 

r==_d[03]=k d 
dt ,¥, 

From the fast reaction, 

Substituting the value of [0] in the above expression 
, d[03] kIKeq[03]2 k[03]2 
r==--- = =---

dt [02 ] [02] 

\ 
(fast) 

(slow) 

Example 41. For the formation of phosgene from CO(g) 
and chlorine, 

CO(g) + C!2 (g ) ~ COCl2 (g ) 
the experimentally determined rate equation is, 

d[COCI2 1 == k[CO][CI ]312 
dt 2 

Is the following mechanism consistent with the rate equation? 

(i) Cl2 2CI (fast) 

(ii) CI + CO ~ COCI (fast) 

(iii) COC! + Cl2 ~ COCl2 + Cl (slow) 
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Solution: Multiplying equation (ii) by 2 and adding (i), we 
get: 

Cl 2 + 2CO~ 2COCI 

K = [COClf 

[Cl z][CO]2 

[COCI] = (K)1I2 [CI2]V2 [CO] 

Slowest step is rate determining, hence, 
Rate k[COCl][C1 2 ] 

From eqs. (i) and (ii), we.get 
Rate = kK 112 [e1 2 ]lI2 [C1 2 ][CO] 

Rate = k' [CI 2]3J2[CO] 

Thus, rate law is in accordance with the mechanism. 

... (i) 

... (ii) 

., 

22. A first order reaction has half life of 14.5' hrs .. What 
percentage of the reactant will remain after 24 hrs? 
(a) 18.3% (b)31.8% (c) 45.5% (d) 68.2% 

. [Ans. (b)] 

[Hint: k = 2.303 log [_a_) 
t a x 

0.693 

14.5 
2.303 I 100 og 

24 (a-x) 

On solving, (a":'x) 31.8%] 

23. Half life of a first order reaction is 1 0 min. What % of reaction 
will be completed in 1 00 min? 
(a) 25% (b) 99.9% (c)75% (d) 80% 
[Aus. (b)] 

[Hint: 0.693 2.303 I [a 1 
-. - -- oglO --I 

tl/2 t a - x) 

0.693 "" 2.303 10 (~) 
10 100 g 100.,.. x 

x = 99.9%] 

24. A certain zero order reaction has k = 0.025 M s-I for the 

disappearance of A. What will be the concentration of A after 
15 seconds if the initial concentration is 0.5 M? 
(a)0.5M (b)0.32M (c)0.12M (d)0.06M 
[Ans. (c)] 

[Hint: x = kt = 0.025 x 15 0.375 M 

Remaining conc. = .0.5 - 0.375 0.125 M] 

25. A first order reaction: 
2NzO(g) --t 2N2(g) + 02(g) 

has a rate constant of 1.3 x 10-11 8-1 at 270"C and 

4.5 x 10-10 at 350°C. What is the activation energy for this 

reaction? 
(a) 15kJ 
[Ans. (d)] 

(b) 30 kJ (c) 68 kJ 

[Hint: 'log (k2J = ~ 1 1 ] 
k 1 2.303R TI T2 

(d) 120 kJ 

10 (4.5 x lO- IOJ _'. Eo 1 I] 
g 1.3 X 10-11 - 2.303 .~ 8.314 x 10-3 543 623 

Ea = 120 kJ] 

~26. The reaction of03 with chlorine atom is given as: 

0 3 (g) + CI(g) --t 02(g) + CIO(g); 
" kl = 5.2x 109 L mol-I sec- I 

C10(g) + O(g) ~ CI(g) + 02(g); 
k2 ='2:6x 1010 Lmol-I sec-1 

Which of these values is closest to the rate constant of the 
overall reaction? 

03(g) + O(g)--t 202 (g) 
(a) 5.2 x 109 • (b) 2.6 x 1010 

(c) 3.lx 1010 (d) 1.4 x 1020 

[Ans. (a)] 
. if 

[Hint: Lowest value of k shows that the step is rate detennining.j 
27. If a first order reaction takes 32 minutes for 75% completion, 

then time required for 500/0' completion is: 

28. 

[A'VIU (Medic.al) 
(a) 32 min 
[Ans. (b)] 

(b) 16 min (c) 8 min (d) 4 min 

. [Hint: k = 2.303 log (_a_) 
t a x 

When, a = 100, x = 75, t = 32 

k - 2.303 I . (100.) -00433 ·-1 - 32 ogiO 2s -. mm 

T· "5001 I' ( ) 0.693 0.693 . ] Ime lor /0 comp etlOn t1l2 = -- = -- '" 16mm 
. k 0.0433 

Rate constant of are action is l751itre-2 mol-2 sec-I. What is 
the order of reaction? reET (,~'; ,',';'.[ 
(a) First (b) Second (c) Third (d) Zero 
[Ans. (c)] 

[Hmt: Dmt of k - x sec I 
. . [litre] n-I _ 

mol 

Given unit of k = litre2 mol- 2 sec-I 

Comparing theI1llit of litre, 

n I 2 

n = 3] 

... (i) 

... (ii) 

29. The half life of a fIrst order reaction having rate constant 

k = 1.7x 10-5 sec-I is: (.J!PYIER 2006) 
(a) 12.1 hrs (b) 9.7 hrs (c) 11.3 hrs (d) 1.8 hrs 
[Ai1S~ (c)] 

[H
. 0.693 0.693 4 
mt:. tli2 = = 5 = 0764 sec = 11.3 hrs] 

. k 1.7 x 10-

30. At500 K, the halflife period oJ a gaseous reaction at aninitial 
pressure of80 kPais 350 sec. When the pressure is 40 kPa, the 
half life period is 175 sec; the order of the reaction is: 

(a) zero 
(e) half 
[Ans. (a)] 

(b) one (c) two 
!PET (Kerala) 201)71 

{J) three 
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[Hint: 
(tli2)l _(Pz)n-l 
(tli2h Pi 

350 f 40\"-1 

175 lso; . 

2=(~r-'1 . 
n 1=-1 

n = 0 (zero order reaction)] 
31. 90010 of the first order reaction is corp.pleted in 70 minutes. The 

velocity constant of the reaction is: [Corned (Karnataka) ~{)i)81 
(a)0.0329 (b) 0.329 (c) 3.29 (d) 0.0293 

. [Ans. (a)] 

[Hint: k = 2.303 log a 
t a-x 

2.303 1 100 
70 og 100- 90 

= 0.0329 min- i ] 

32. The half life period of a first order reaction is 1 min 40 
seconds. Calculate its rate constant. 2008) 
(a) 6.93 x 10- 3 min-I (b) 6.93 x 10- sec-I 

(c) 6.93 x 10- 3 sec (d) 6.93 x 103 sec 

[Ans. (b)] 

[Hint: k = 0.693 0.693 = 6.93 xlO- 3 sec-I] 
t1l2 100 

MISCELLANEOUS NUMJ~CAL EXAMPLES~ H~ 
'. . ~ 

Example 1. Ammonia and oxygen react at . higher 
temperature as, 

4NH3 (g) + 502 (g) -----7 4NO(g) + 6H 20(g) 
in an experiment, the. concentration of NO increases by 
1.08x 10-2 moilitre- I in 3 seconds. Calculate: 

(i) rate of reaction, (tl) rate of dis.appearance of ammonia, 
(iii) rate offormation of water. 
Solution: 

(i) Rate = _ .!.d[NH3 ] = 1 d[021=.!. d[NO] =.!. d[H20] 
. 4 dt 5 dt 4 dt 6 dt . 

. R 1 . 1.08 X 10-
2 

9 10- 4 11' -I 1 ate = - x = x mo Itre sec-
. 4 . 3 

(ii) ...: d [NH3 ] ;" 4 x rate 4 x 9 X 10-4 
dt 

= 36 x 10-4 mol litre-1 sec-I 

(iii) d[H20] = 6 x rate = 6 x 9 X 10-4 
dt 

== 54 X 10-4 mol litre -I sec-1 

Example 2. Decomposition of NzOs (g) into NOz(g) and 
02 (g)' is a first order reaction. If initial concentration of 
NzOs(g), i.e., [N20S]o is 0.03 mol litre-I, what will be'it$ 

concentration after 30 minutes? Rate constant of the reaction is 
1.35 x 10-4 S-I. 

Solution: k == 2.303 log 10 [Ao] 
t [A] 

1.35 X 10-4 2.303 1 . 0.03 
30x 60 oglO [A] 

[A] = 0.0235 mol litre-I 
f 

Example 3. Rate. constant. lor the decomposition of 
ethylene oxide into eH 4 and CO may be described by the 

. I k( -1) ·1434 1.25 x 10
4 

equatlOll, og s . - ----. 
T 

la) What is the energy of activation ofr rea~tiqn? 
(b) What is the value of kat 670 K? ~. 

Solution: (a) We know that, 
E 

log 10 k=log 10 A ----
. . 2.303RT 

loglO k (s-I )= 14.34 ~ 1.25 x 10
4 

T 
Comparing eq. (i) and eq. (ii), we get 

_E_ 1.25 x 10" . 
2.303R . 

E = 1.25 X 104 
X 2.303 x 8.314 x 10-3 

E = 239.339kJ/mol 

1 ... (i) 

... (ii) 

(b) Substituting the value ofT, i.e., at 670 K, in equation (ii), 
we get, 

logk(s-I) 14.34_1.25X10
4 

='-4.3167 
670 . 

k::::: 4.82 X 1O-s s-I 

. Example 4. A drug becomes ineffective· after 30% 
decomposition. The original concentration ·of a sample was 
5 mg/mL, which becomes 4.2 mg/mL during 20 months. 
Assuming the decomposition of first order, calculate the expiry 
time of the drug in months . . What is the half life of the product? 

.SOlutl·on.; k 2.303 1 .(. a ) 2.303 I ( 5 '1 ==--. oglo -- =-- oglO -I 
t .. a-'x 20 4.2; 

= 0.00872 month-I 

Expiry time 't' may be calcUlated as: 

k 
2.3031' a 

=-- oglO--· 
t a-x 

0.00872 = 2.303 log 10 100 
t· 70 

t::::: 40.9 "" 41 month 

0.693 
tl/2 = ::::: 79.4 month 

0.00872 
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Example 5: Two reactions of the same order have equal 
exponential factors but their activation energies differ by 24.9 
kJ I mol. Calculate the ratio between the rate constants of these 
reactions at 270 C. (R = 8.31J K -I mol-I) (Dhanbad1990) 

Solution: We know that, 

loglO k 10gIO A 
E 

- 2.303RT 

So, loglo k2 = log 0 A -
1 2.303RT 

and log lo kl = 1 A E\ 
oglO - 2.303RT 

1 (k2 J (EI -E2 ) 
ogJO k: = 2.303RT 

1 ( k2 J 24.9 x 1000 
og 10 lk: = 2.303 x 8.314 x 300 

k2 = 2.199x 104 

kl 

Example 6. Pseudo first order rate for the reaction. 

A+B~P 

when studied in 0.1 M ofB is given by 

d[A] = k[A] 
dt 

where, k = 1.85 x 104 sec -I . Calculate the value of second order 
rate constant. 

Solution: 

_ d[A] = k[A] 
dt 

d[A] = 1'.85 x 104 x [A] 
dt 

Assuming the reaction to be of second order, 

_ d[A] = k'[A][B] 
dt 

_ d[A]=k'[A][O.1] 
dt 

Dividing eq. (i) by eq. (ii), we get 

1= 1.85 X 10
4 

k' [0.1] 

k' ::;: 1.85 xl05 litre mo1-1 sec-I 

, , 

... (i)' 

... (ii) 

Example 7. The time required for 10% completion of a 
first order reaction at 298 K is equal to that required for its 25% 
comple.tion at 308 K. If the pre-exponentialjactor for the reaction 
is 3.56 x 109 sec -I , calculate its rate constant at 318 K and also' 

the energy of activation. (Ii T 1997) 

SolutiQIl: We know that, 

At 298 K, 

At 308 K, 

k -'- 2.303 I l' a J - oglo --
t a-x 

x 10, a = 100, 

2.303 100 
k298 = -- log 10 -

tl 90 

a = 100, x = 25, (a - x)= 75 

2.303 I (100) -- oglO -
t2 75 

t 2 ,dividingeq.(ii) by eq.(i) 

k308' :::: 2.73 
k298 

log _E_ ( ~ - l,J 
k298 2.303R l TI ' T2 

10 2.73 = E. (_1 ___ 1_) 
g 2.303 x 8.314 308 298 

E = 76.622kJ/mol 

.. ' (i) 

... (ii) 

Similarly, we can solve for k318 which is equal to 
9.22 x 10-4 S-I. 

Example 8. The rate constant of a reaction is 1.5 x 107 s-I 

at 50°C and 4.5x107 
S-I at 100°C. Calculate the Arrhenius 

parameter A and Ea' ' (HT 1995} 

. ,k2 ( 1 1 Solution: log 10 - = -'-
k, 2.303R TI T2 

4.5 X 107
: (1 1), , 

log 10 1.5 X 107 = 2.303 x 8.314 323 - 373 

We,know that, 

Ea = 2.2x 104 J/mo1 

log 10 k = log 10 A - -......=..-
2.303RT 

2.2x 104 

loglO(1.5X107 ),log lo A 
2.303 x ,8.3l'4 x 323 

. A:::: 5.42 X 10'0 ;-, 

Example 9. In hydrogenation reaction at 25° C, it is 
(fbserved that hydrogen gas pressure falls from 2atm to 1.2 atm in 
50 min. Calculpte the rate of; reaction in ma/arityper sec. 
(R = 0.0821litre- atm degree-1 mol-' ) 

dP 2-1.2 
Solution: Rate:::: - -'-.-

dt 50x 60 

= 2.666 X 10-4 atm, s::' 

PV nRT 

P "(n'l RT 
sec::;:v)se~ 
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. 4 
. l' I ) 2.666 x 10-Rate lmo anty sec :::: -----

0.0821x 298 

:::: 1.09 X 10-5 mollitre-I 

Example 10. A drop of solution (volume 0.05 mL) contains. 
3x 10-6 mole H + ions. If the rate of disappearance o/the H + 

io~ is I x 107 mol litre -I sec -I ,how long would it take for H + 

ions in the drop to disappear? 
Solution: 

. mole 
Concentration of drop = x 1000 

. volume in mL 

3x10-6 . _ 
= x 1000 = 0.06 mol htre 1 

0.05 
. cone. change 

Rate of;"hsappearance = --.---"'---
. . tIme 

/ Ix 107 = 0.06 
time 

Time 6 x 10-9 sec 

Example 11. A constant temperature and volume X 
decomposes as, 

'2X(g)~ 3Y(g)+ 2Z(g) 

P x is the partial pressure of X 

Observation No. 7ime(min) Px(inmmHg) 

2 

3 

800 

(i) What is the order of the reaction with respect to X? 
(ii) Find the rate constant. 

(iii) Find the time for 75% completion of the reaction. 
(iv) Find the total pressure when pressure of X is 700 mm 

Hg. (111' 2005) 
Solution: (i) Data shows that half life of the reaction is 

constant, i. e. , 100 min; hence, it is a first order reaction. 

( .. ) k 0.693 - 0.693 - 6 93 10-3 ·-1 
11 --- -. xmm 

tll2 100 

(iii) t 75% , i. e. , t 3/4 = 2 x t 112 2 r: 100 = 200 min 

(iv) 2X(g)~3Y(g)+2Z(g) 

t = 0 800 0 0 

dt 800 - 2X 3X 2X 

Total pressure = 800 - 2X + 3X + 2X = 800 + 3X ... (i) 

800 2X = 700 

X=50 

Total pressure = 800 + 3 x 50:::: 950 rnrn Hg 

'Example 12. Suppose 50 bacteria are placed in a flask 
containing nutrients for the bacteria so that they can multiply_ 

A study at 35° C gave the following results: 

Time (minute) 0 15 30 45 60 
. Number of bacteria 50· 100 200 400 800 
Show that the 'rate of production of bacteria is offirst order. How 
many bacteria will be there after 3 hours? 

Solution: For bacterial growth, 

k =_ 2.30310glo (_a_\j 
t \a +x 

At 15 minutes: k = - 2.303 10 (~\J 
15 glO 100 

At 30 minutes: k= 

0.0462 min- I 

2.303 I ( 50 '] 
30 og1o 200) 

:::: 0.0462 min -I 

At45 minutes: k - 2.30310glo (~) = 0.0462 min-1 

45 400 . 

Same values of rate constants show that the process corresponds 
to first order. 

Let there be' n' bacteria after 3 hrs. 

k 2.303 I . ( a J -- oglo --
t a+x 

O 0462 - _ 2.303 I 50 . - -- ogIO-
180 n 

n = 2.04 x 105 

Example 13. A viral preparation was inactivated in a 
chemical bath. The inactivation process was found to be of first 
order in virus concentration, and at the beginning of the 
experiment 2.0% of the virus was found to be inactivated per 
minute. Evaluate' k'for the inactivation process. 

Solution: a 100, a x 98, t = 60 sec 

k - 2.303 I If a J - oglo --
t a x 

2.303 If 100) -4 . -I :::: --Iog1o - = 3.3 x 10 sec 
60 \ 98 

Example 14. Trans-l,2-dideuterocyclopropane (A) under
goes a first order decomposition. The observed rate constant at a 
certain temperature, measured in terms of disappearance of' A' 
was 1.52 x 10-4 sec- l Analysis of products showed that the 

reaction followed two parallel paths, one leading to 
dideuteropropane (B) and the other to cis-l,2-dideutero
cyclopropane (C). (B) was found to constitute 11.2% of the 
reaction product, independently of extent of reaction. What is the 
order of reaction for each path and what is the value of the rate 
constant for the formation of each of the products? 

A<

B 11.2% 
Solution: 

C 88.8% 
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In case of parallel path reaction, 

k B = k A X fractional yield of B 

J.52x 10-4 x 0.112= 1.7 x 10-5 sec-I 

kc = kA x fractional yield of C 

= 1.52 x 10-4 x 0.888= 1.35 x 10-4 sec-I 

The reaction will be fIrst order for each individual path. 

Example 15. In milk, at 37°C, lactobacillus acidophilus 
has a generation time of about 75 minutes. Calculate the 
population relative to the initial value at 30,60, 75, 90 and 150 
minutes. 

Solution: For growth kinetics, 

k = - 2.303 ioglo (_a_) 
t a+x 

k- 2.3031 (No] -- oglO -
t N 

Generation time 75 minutes; a = 1, a + x 2 

2.303 1- (1 J -0 00924 . -I -- oglO - -. mm 
75 1 + 1 

k 

After 30 minutes, 

k - -2.3031 (No \j --- oglo -
t . N 

0.00924 = - 2.303 log 10 (No] 
30 N 

N 
1.319", 1.32 

No 
Similarly, we may calculate after 60, 75, 90 and 150 minutes. 

Example 16. Rate law for ozone layer depletion is, 

]2 

dt [02 ] 

Give the probable mechanism ofreaction? 
Solution: 0 3 ~ O2 + 0 (fast reaction) 

(equilibrium constant K c) 

(slow reaction, rate constant k) 

Rate:;;;; k[03 ][0] . . .. (i) 

K :;;;; [°2][0] or [0] K [03 ] . 

c [0
3

] c [°
2

] , 

putting the value in eq. (i) 

From eq. (i), 

Rate k·[O]. K [03J k. K . [03]2 =K. [03 ]2 

3 c [°2 ] c [°2 ] [Oz] 

Here, 

Example 17. In hypothetical reaction A2 + B2 ---'?2AB. 
follows the mechanism as given below: 

<fast reaction) 

(slow reaction) 

(fast reaction) 

Give the rate law and order of reaction. 
Solution: Slowest step is rate determining. 

Rate::::: k[A][B2] ... (i) 

Here, [A] should be eleminated. 

[A]2 
K:;;;; =-

C [A z] [A z] 

[A]= K~/2[A2]1I2 

From eq. (i), Rate = kK~/2 [A 2 f2 [B2 ] 

=K[A 2 f 2 [B 2 ]; [K=k·Kc ] 

Order = 1 + 1 / 2 = 3 / 2 

-. Example 18. Calculate order of reaction from the 
following data: 

2NH 3 ---'? N 2 + 3H 2 (reaction) 

Pressure (mmHg) 50 100 200 

Halflives (min) 3.52 1.82 0.93 

Solution: We know that, 

n = 1 + IOglO (t I/2 )1 loglo (t1l2 h 
log 10 pz loglO PI 

= 1 + log 10 3.52 -log 10 1.82 

log 10 100 - log 10 50 

1.95", 2 

Similarly, we may calculate for other set of conditions . 

. ' . Example 19. The chemical reaction between mercuric 
chloride and potassium oxalate proceeds as under: 

the mass of Hg 2Cl2 precipitated from different solutions in a 
given time, at 100°C was as follows: 
~~~"~-h.~-;-'-_~_M' ________ ,-,:,"' ___ ' __ .M~_"'ri;:' __ ~-:~_'-''' ____ • ..- ...... 

JltP1. XIJIljr:'!fM·:fft~ 
!mtI! J.~1 ll!M!l J;) . (1fI.~~M.t#.~) .~"!'~ . . 

~-~------~.~-.-:--'--------

(1) 0.0836 0.404 65 

(2) 0.0836 0.202 120 

(3) 0.0418 00404 60 

From these data calculate order of the reaction. 

Solution: Rate::= k[HgC1 2 r'[K2CZ0 4 )r:; 

0.0068 = k[0.0836]U[00404]Il; 
65 . 

• ____ ~ _____ r _ 

0,0068 

0.0031 

0.0032 

... (i) 
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0.0031 = k[0.0836]<l [0.202]13 . 
120 . . ' 

... (ii) 

••• 111 0',0
6

0032 = k[0.0418]<l[OA04]13 ( ... ) 

Dividing eq. (i) by eq. (ii), we get 4 = 213 ; ~ = 2 

Dividing eq. (i) by eq. (iii), we get 

Thus, overall order = ex + ~ = 3 

Example 20. The rate constant of the reaction A ----t B is 
k = 0.5; the initial concentration of A bei/i;j, 1 mol/litre. 
Calculate the degree of conversion of substance 'A' within 1 hour 
if the reaction is of zeroth, first and second order. How does the 
degree of conversion depend on the order of reaction? 

Solution: Zero order: 
, . 

x=kt ' 
x = 0.5 x 1 = 0.5 

2.303 a 
k=--loglo --

t a-x 

k = 0.5; t = Ihr; a = 1M 

Second order: 

0.5 = 2.303 10 _I_ 
I glO (1- x) 

x= 0.39 

1 x 
k=:....---

t a(a - x) 
. 1 x 
0.5=-·--

1 1(1- x) 

x = 0.33 

, Example 21. Two first order reactions proceed at 25° Cat 
the same rate. The temperature coefficient of the rate of the first 
reaction is 2 and that of second reaction is 3. Find the ratio of the 
rates of these reactions at 75° C. 

Solution: For fIrst order reaction, 1j = k[A]1 

• • 1j /1-2 == kl / k2 = temperature coeffIcient 

Let the rate of reaction for 1st at 25°e be Rl and the rate of 
reaction for lInd at 25°e be R 2 . 

.. 

Also, Rl =·R2 

Rates of reaction 
At 25°e Rl R2 

35°e 2Rl 3R2 
45°e (2)2 Rl (3)2 R 2 . 

55°e (2)3 Rl (3)3 R2 

65°e (2)4 Rl (3)4 R2 

75°e (2)5 Rl (3)5 R2 

:. Temperature coefficient for 1st reaction = k35 = R35 = 2 
k25 'R25 

i. e. , for each 100 e rise in temperature, rate becomes 2 times. 

Similarly, for 2nd reaction it becomes 3 times, 

:. At 75°e 

rilte of reaction for 2nd (3)5 R2 ' 
rate of reaction for 1st = (2)5 Rl = 7.5937 (": Rl = R 2 ) 

Example 22. The reaction, A + OH - ----t Products, obeys 

rate law expression as: 

-d[A] = k[A][OH -] 
dt 

If initial concentrations of[A] and [OH -] are 0.002 Mand 

0.3 M respectively and ifittakes 30 sec for 1 %A to react at 25°C, 
calculate the rate constant for the reaction. 

Solution: 

t= 0 

A 
0.002 

+ 

t = 30 [0.002 _ 0.002 x 1] [0.3 _ 0.002 x 1] 
100 . 100 

U · k 2.303 1 b(a-x) 
smg = oglO , 

t(a-b) a(b-x) 

----tProducts 

0.3 [0.002.!. 0.002 x 1] 
k = 2.303 10' 100 

30x(0.002-0.3) glO O.002[0.3_0.002Xl]. 
100 

k= 1.12x 10-3 litre mol-l S-l 

'E'timple 23. A hydrogenation reaction is carried out at 
500 K. If the same reaction is carried out in presence of a catalyst 
at the same rate, the temperature required is 400 K. Calculate the 
activation energy of the reaction if the catalyst lowers the 
activation barrier by 20 kJ mol -I. (liT 2000) 

Solution: Arrhenius equation may be given as, 
k = Ae-EaIRT 

Let k500 and k 400 be the rate constants at temperatures 500 K 
and 400 K (in presence of catalyst) respectively. E 500 and E 400 be 
the activation energi~s at temperatures 500 K and 400 K 
respectively .. 

or 

or 

k - Ae- E500 I R x 500 
500 -

k _Ae-E400IRx400 
400 -

... (i) 

... (ii) 

Given, k500 = k400 (same rates in presence and absence -of a 
catalyst). 

On comparing eq. (i) with eq. (ii), 
E500 _ E 400 

Given, 

R x 500 R x 400 

E500 =' E 40'o " 

5 4 
E 400 E500 E:O-- X 5 

4 

E500 = E 400 + 20 

... (iii) 
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Substituting in eq. (iii), 

E400 + ?-O= E400 >< 1.25 

E
400 

= 20 = SOkJ mol~1 ,i~:,f;' 
025 J ," ."',", ,"" 

• • .. ~ ," ,< ,;~~. 

or 

So, Esoo = SO + 20 = 100 kJ mol/-I' , 

. Example 24. Some PH3 (g) is introduced into a fask at 
600°C containing an inert gas, PH 3 proceeds to decompose into 
P4 (g) and H2 (g) and the reaction goes to completion. Total 
pressure is given below as a function of time. Find the order of 
the reaction and calculate the rate constant, 
Time (sec) 0 60 120 00 

Pressure (mm Hg) 262.40 272.90 275.51 276.40 

(Ill' 2001) 

Solution: 4PH3 (g) + Inert gas ~ P4 (g) + 6H2 (g) + Inert gas 

tOP P; 0 0 a 
t = t (P x) P; x/4 6x/4 P; 
t = 00 OP; P/4 6P/4 P; 

At t = 0, 262.40 = P + Pi ... (i) 

t 60 sec 272.90 = PPH3(left) + PP4 (g) + PH2 (g) + Pi 

t 120 sec 275.51 ::::: PPH 3(left) + PP4(g) + PH2 (g) + Pi 

t = 00 276.40 = PP4(g) + PH2 (g) + Pi 
P 6P 

276.40 = - + - + P 
4 4 I 

276.40 x 4 ::::: 7P + 4Pi 

Att = 0, 262.40 P + Pi 

On solving eqs. (ii) and (iii), we get 

P 1S.66 mm, Pj ::::: 243.74 mm 
, x 6x 

At 60°C: 272.90::::: (P - x) + PI' + +-, 4 4 
",:,~ 

~:')t272.90= IS.66- x + 243.74 + 7x 
4 

x= 14mm 

k 2.303 I (a ) 2.303 I IS.66 og -- =-- og----
t a-x 60 IS.66-14 

k 2.32 x 10-2 sec 

... (ii) 

... (iii) 

Similarly, at 120 sec k = 2.30 x 10-2 sec-1 (do yourself) 
Since, .: values of' k' are same, hence the reaction belongs to fIrst 
order. 

Example 25. For the given reaction, A + B ~ Products 
following data were obtained: ' , 

1. 
2. 

OJM 
O.2M 

0.2M 
O.2M 

(i) Write the rate law expression. 

0.05 

0.10 

(ii) Find the rate constant. lIlT 2004 (Memory based)) 

Solution: Let order with respect to A and B are a and fl 
respectively. Rate law expression may be given as, 

r 

Rate = k[A]ct [B] ~ 

0.05 = k[O.l]ct [0.2] ~ 

0.10 k[O.2]U [0.2] ~ 

0.05 k[O.lt [0.1] ~ 

Dividing eq. (i) by eq. (ii), we get 

~ [~J u, i. e. , a::::: 1 

Divi~ing eq. (i) by eq. (iii), we get 

1 = [2] ~ , i. e. , f) = 0 

Rate=k[A]1 [B]o 

Substituting the value of a and f) in eq. (i), we get 

0.05 k [0.1]1 [0.2]0 

k = 0.5 sec-I 

Example 26. A + 2B ~ 3C + 2D 

... (i) 

... (ii) 

... (iii) 

The rate of disappearance of B is I x 10-2 mol litre -\ sec -I . 

, What will be the (i) rate of the reaction and (if) rate of change in 
concentration of A and C? [CSSE (Mains) 200::;;1 

1 d[B] 
Solution: (i) Rate = --

d[A] 
, (ii) --

dt 

I d[C] 

3 dt 
d[C] 

dt 

i 

2 dt 

= - ~ [-Ix 10-2 ] 
2 

0.5 x 10-2 mol litre -I sec-\ 

1 [d[B]] == 0.5 x 10-2 mol litre-I sec-1 

2 dt . ' 

I d[B] 

2 dt 

~ x (-Ix 10-2 ) 
2 

'. , ,= 1.5 X 10-2 mollitre -1 sec-I 

i ' ~'.~~ , 
Exa.;npl~ ·1,1. For the reaction, A + B ~ Products, rate 

is given ~s, ra;~== k[A][B]2. 

How wiltthe rate change ifvolume of the reaction mixture is 
reduced to li3rd of its originaivolume? (BCECE 2(06) 

Solution: When volume' is reduced to 1/3rd, then 
,concentration will increase three times. ". 

.. Ii = k[A)[B]2 ... (i) 

r2 k[3A][3B]2 ... (ii) 

From eqs. (i) and (ii), . 
Ii 1 
-::::;:-

r2 27 

r2 = 271i 

.. Rate will increase 27 times. 
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. Example 28. For first order reaction, if rate constant at 
17°Cis2.8xlO- 5 s-l andat27°Cis2.8xlO- 4 s-I. 

(i) Write the equation for calculation of activation energy. 
(ii) Calculate the activation energy. 

(R = 8.3 JmoZ-
1 
k-I) IAIPMT (Mains) 20081 

Solution. We know, 

1 l( kz ) E a [1 1 ] 
og k; = 2.303R Tl - Tz 

1 2.8><; 10-
4 

Ea [1 og -
2.8 X 10- 5 2.303 X 8.3 290 

• • 
. E = 2.303 X 8.3 X 290x 300 

a 10 

=: 166299.6 J mol- 1 

166.3 kJ mol- l 

I J. 
300 

SUMMARY AND IMPORTANT POINTS TO REMEMBER '-" ""'r, I'" 1:-.. .. ,'-",. I ... 

1. Chemical.kinetics: It is the branch of chemistry which 
deals with the rates of reactions, the factors which influence it 
and the mechanism by which the reactions occur. 

2. Rate of reaction: It is the speed with which the reactants 
are converted into products. It may be expressed in terms of rate 
of disappearance of any of the reactants or rate of appearance of 
any of the products. 

The rate measured over a long time interval is called the 
average rate. 

Average rate of reaction = Decrease in conc. of reactant 

Time taken 

Increase in conc. of product 
+---------=----

Time t.aken 

A -ve sign signifies a decrease in concentration of the reactant 
and +ve sign indicates ail increase in concentration of the 
product. 

In general, for a reaction, 

nlA + nzB +n3C + ... -->m1X + mzY + m3Z +", 

I 6.A 1 tlB· I AC 
=--

nl At nz At n3 At 

1 AX AY I AZ --
m1 At mz At m3 At 

Average rate is not very useful as it does not remain constant 
throughout its life span. It is more appropriate to express 
instantaneous rate. 

Rate of reaction with reference to a particular instant of time is 
called instantaneous rate of reaction. It is defined as the rate of 
change of concentration of anyone of the reactant or product 
species over a small interval of time. 

R f 
. dx dx 

ate 0 reactIOn = - - or + -
dt dt 

Units ofrate of reaction are conc. time-1 ,e.g.,mol L-1s-1 or 

mol L-1 hr-1, etc. 

3. Law of mass action: It was presented by Guldberg and 
W~ge in 1864. At a given temperature, the rate of a reaction at it 
particular instant 'is proportional to the product of the active 

masses of the reactants at that instant raised to powers which are 
numerically equal to the numbers of their respective molecules in 
the stoichiometric'equation describing the reaction. Consider the 
following general reaction, 

ml Al + mz A 2 + m3 A 3 + .. : ~ Products 

Rate of reaction ~ [AI ]m! [A 2 ]m2 [.43 ]m3 ••• 

4. Rate const~nt: It is equal to rate of reaction when 
concentration of each reactant is unity, i. e. ,one m~-le litre -:-1 .It is 
a constant for a particular reaction at a given temperature and also 
known as. specific t:ate constant or specific reaction rate. 

Consider a general reaction, 

If 

Then, 

aA + bB + ... ~ Products . 

dx = k[At [B]b ... 
dt 

CA=CB 1 or [A]=[B] 

dx k 
dt 

5. Collision theory of reaction rate: A chemical reaction 
occurs when the existing bonds of the reactants are broken down 
and new bonds come int0 existence in the molecules of products. 
The basic requirement for a reaction to occur is that there should 
be physical contact between reacting species, i. e., they must 
collide with one another. Effective collisions which bring 
chemical change are fewinspite of large number of actual 
collisions. For a collision to be effective, the following two 
conditions must be satisfied: 

(i) Reacting species must possess· adequate energy to 
overcome the energy barrier. 

(ii) Reacting molecules must be properly oriented at the time 
of collision. 

The minimum amount of energy which the colliding particles 
must possess as to make the chemical reaction to occur is called 
threshold energy. The excess energy (over and above the average 
energy of the reactllg species) required by the reacting species to 
undergo chemical reaction is called activation energy (Ea ). 

Activation energy = Threshold energy Average kinetic 
energy of the reacting molecules 
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Every chemical reaction whether exothermic or endothermic 
has an energy barrier" which has to be overcome before the 
reactants can be transformed into products. The reacting 
molecules must have "Sufficient energy as to cross' this energy 
barrier. The effective collisions increase with increase of 
temperature, i. e., rate of reaction increases with increase of 
temperature. 

6. Factors influencing the reaction rate: The chief factors 
which influence the rates of reactions are: 

0) Nature of reactants: The reactants with weak bonds 
react quickly whereas the reactions involving reactants with 
strong bonds are slow. The molecular reactions are generaily 
slow while ionic reactions are fast. 

(ii) Concentration of reactants: The rate of reaction 
increases with increase in concentration of reactants as the 
number of collisions increases. 

(iii) Catalyst: Positive catalysts increase the reaction rate 
by providing an alternative path involving lesser amount of 
activation energy. 

(iv) Temperature: The rate of reaction increases with an 
increase in temperature. The number of effective collisions 

" increases with increase" of temperature. The rates of many 
reactions are approximately doubled or tripled for every 
100 C rise in temperature. The temperature coefficient is defined 
as the ratio of specific reaction rates of a reaction at two 
temperatures differing by 100 C. 

k/ +10 '. 
Temp. coefficient -- (value bes generally 

k t 
between 2 and 3) 

Arrhenius suggested an equation which describes k as a 
function of temperature, i. e. , 

k Ae-EaIRT 

where, k = rate constant, A = a frequency factor (constant), 
E a energy of activation, R = gas constant and T = temperature. " 

At two temp~ratur? ~ Jand 
T ~ a (1 1 J 

agio lk; = 2.303R lTI - T2 

7~ Molecularity and order of reaction: 
(i) Molecularity of ~action: The minimum number of 

reacting particles (molecules, atoms or ions) that come together 
or collide in a rate determining step to form product or products is 
called the molecularity of the reaction. The "reactions are termed 
as unimolecular, bimolecular or trimolecular, etc., depending 
upon the number of reacting particles as 1,2,3, etc:, in the rate 
determining step. Simultaneous collisiolls involving more than 

"three molecules are very rare and hence reactions with 
molecularity more than three are also rare. 

NH4 N02 -7N2 +2H20 

NO+03 -7N02 +02 

2FeCl 3 + SnCl 2 -72FeC1 2 + SnC14 

(Unimolecular ) 

(Bimolecular) 

(Trimolecular) 

In simple reactions involving one step only, the molecularity is 
"equal to the sum of number of molecules of the reactants 

involved in the balanced equation. There are number of reactions 
which are complex in nature and occur in several steps; the 
molecularity of "such reactions is determined by the slowest step. 
Thus, molecularity depends upon the mechanism of the reaction. 

(ii) Order of reaction: Rate equation or rate law is an 
experimentally determined mathematical expression relating the 
molar concentrations of the reactants to the actual reaction rate. 

Consider a general reaction, 

nl A + n2B + n3C + ... -7 Products 

The rate law or rate equation is" 

Order of reaction is the sum of the exponents (powers) to 
which molar concentration terms are raised in the rate law. 

Order of reaction = (x + y + z + ... ) 
The value of (x + y + z + ... ) usually ranges between 0 and 2 

and even 3. It may have positive, negative, zero and fractional 
values. It is termed overall order. The reactions are classified as 
zero, first," second, third order according as (x + y + z + ... ) is 
zero, one, two or three respectively. The order can be expressed 
either in terms ofthe order oftM specific reactant or in terms of 
overall order of the reaction. 

The reactions which obey a first order rate equation, although 
they are not uriimolecular, are said to be pseudo first order. 

8. Reactions of various orders: In such reactions, the 
concentrations of various reactants except one remain practically 
constant during the course of reaction. 

(i) Zero order reactions:. A reaction in which the rate is 
independent of the concentration of the reactant molecules, i. e. , 
the rate is proportional to the zeroth power of the concentration of 
the reactants. . 

dx 

dt 
k[Alo = k 

i. e., the reaction velocity remains constant throughOut the 
progresS of the reaction. The concentration decreases linearly 
with time. " 

[AL =[A]o kt 

[A]o ,Initial concentration 
t completion = -k- Rate constant 

The units of k are mol L -I time -I. 
(ii) First order reactions: The rate depends upon the 

concentration of one reactant only. 

dx = k[A] 
dt . 

k 
2.303 I a 2.303 I [A]o 

=-- oglO ---=-- oglO--
t (a-x) t [AL 

time, a = initial concentration and (a - x) = concentration at 
time t. 

A change in concentration unit does not affect the numerical 
value of k. Thus, for first order reactions, any quantity which is 
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proportional to concentration can be used in place of 
concentration in the integrated equation. 

The time taken for the completion of same fraction of change 
is independent of initial' concentration. When x =. 0.5 a and 
t t 1l2 , 

k :;:: 2.303 log to ~ == 2.303 log to 2 = 0.693 
t 112 O.5a t 112 t 112 

0 .. 693 

k 
Thus, t 112 is independent of initial concentration. 
The equation. of the first order can also be written in the 

following form when initial concentration is not known. 

k 
2.303' I (a xI) 2.303 I' [A]II 

== oglo = ogiO --
, (t2 - tI ) (a- x2') (t2 - t,). [A]t2 

The unit of k is time -I . 
(iii) Second order reactions: Reaction rate depends upon 

the concentration of two reactants. 

dx = k[A][B] = k[A]2 
dt 

k 
2.303 1 b(a x) 

= og to --'-----'-
tea-b) a(b-x) 

[(a - x) and (b - x) are the concentrations of A and B after time 
interval t.] . 

When concentrations of both the reactants are same, 

k~. x 
t a(a - x) 

, (x is the concentration changed in time interval t) 

Half life period, t 112 2. , i. e. ,inversely proportional'to initial 
lea 

concentration. The units of k are litre mol- l time-I. 
(iv) Third order reactions: Expression for third order 

reactions of the type 

k 

3A ~ Products 

dx = k[A]3 
dt 

x(2a - x) 

t 2a Z(a-x)2 

The units of kareL2 mol-2 time-I. 

9. Methods for the determination of order of a reaction: 
(i) Initial rate method: A number of experiments are 

carried out by varying concentration of a reactant w.r.t. which the 
order is to be determined. keeping the concentrations of all other 
reactants constant. The initial rate of the reaction at each 
concentration is determined by concentration-time curves. The 
order of the reactant is then c,alculated from the rates lit various 

concentrations. . The experiments. are repeated with other 
reactants in a similar way. Likewise, the orders w.r.t. all reactants 
are determined. The overall order is the sum of the orders of all 
the reactants. 

(ii) Integration methOd: The quantities 'a,x and t are 

detwmined and. substituted in the kinetic equations of various 
orders. The equation which gives the most consistent values for 
the specific rate constant (k) for a series of time intervals is the 
one corresponding to order of reaction. 

2.303 a 
k == -- log 10 -- for first order reactions 

t (a - x) 

k 1 [ a] for second order reactions 
t a(a-x) 

Rate = k for zero order reactions 

(iii) Graphical method: If the plot oflog (a x) versus 't' 

is a straight line, the reaction follows first order. 

If a plot of _1_ versus 't' is a straight line, the reaction· 
.(a-x) 

follows second order. 

If a plot of 1 versus' t' is a straight line, the reaction 
(a x)2 

follows third order. 
(iv) Half life method: Starting with two different 

concentrations al and a2 for the same reaction, the half lives 
(tIl2)1 and (til 2 )2 are determined. 

n is the order of reaction: 

(v) van't Hoff differential method: For two different 
initial concentrations CI and C2 equations can be written in the 
form 

_dCI == kCf and- dC2 == kCi 
. dt dt 

Taking logarithms of two equations and then subtracting . 

( 
dC I ) (dCz ) log -. dt - log - dt 

n:;:: --'-------~---

10. Mechanism: An intelligent guess depending upon the 
observed rates of reactions about the series of steps (known as 
elementary processes) leading to the formation of products is 

. called the reaction mechanism. The overall reaction is the 
summation of all elementary steps: The slowest step is taken as 
the rate determining step. 
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1. Matrix Matching Problems: 
. (According to the new pattern of lIT Screening) 

[AJ Match the reactions of LisH with their orders in List-II: 

List-I List-II 
H+ 

(a) C12H220 11 + H20 ~ (P) Pseudo first order 

C6H120 6 + C6Hl20 6 
. HOH 

(b) CH3COOC2Hs 1 
H+ orOH- 1-

CH3COOH + c;HsOH 
hv 

(c) H2 + Cl2 ---7 2HCI 

(d) CH3CI + OH- ---7 
CH30H+Cr 

(q) Zero order 

(r) Second order 

(s) First order 

[B) Match the reactions in Colump.-I with the units of their rate 
constant in Column-II: 

Column-I Column-II 
(Reactions) (Unit of k) 

(a) SOzClz ---7,S02 + Cl2 (P) sec-~, 

(b) CH3COOCzHs + NaoH~ (q) min':" l 

CH3COONa + CZH50H 

(e) 2H20z ---7 2H20+ 02 (r) Lmol-I min-1 

(d) HzOz + 21 + 2W (s) Lmol-1 s-I 

2H20+ 12 

[C] Match the kinetic equations of Column-I with the units of 
their rate ,constant in Column-II: 

Column-I Column-II 
(Kinetic equations) (Units of rate constant) 

[D] 

(a) x kt (P) sec':"! 

(b) k = 2.303 logw r_a_) 
l[t 1 \~]-x 

(c) k - ---
t (a-x), a 

(r) mol 

(d) k = 2.303 log [b(a X)] (s) atm-I sec-I 
tea-b) a(b-x) 

Match the half lives in Column-.! with the 
Column-II: 

Column-I Cohtmn-U 
(Ualflife) (Qnler) 

(a) t1l2 = constant (P) First order 

orders 

~) tl/2 oc: a (q) Pseudo first order 
, 1 

(c) t1l2 ex.- (r) Second order 
a I 

(d) tl/Z IX p- (s) Zero order 

where, a Initial concentration of the reactant 
p = Initial pressure of the reactant 

in 

[E] Match the reactions of List-I with the increase in rate when 
concentr~tion is raised two times in List-II: 

List~I 

(Reactions) 
List-II 

(Increase in rate when 
cone. of reactant is 

doubled) 

(a) CH3CHO ---7 CH4 + CO (P) 2 times 

(b) SOzClz ---7 S02 + Cl2 (q) 21.5 times 

(c) 2H20 2 2H20 + 02 (r) 2 times in acid medium 

HOH 
(d) CH3C00c;Hs ~ 

CH3COOH + C2HsOH 

(s) 22 times 
medium 

[F] Match the List-I with Liwst-II and List-III: 

in basic 

List-I List-II List-UI 

(a) x is plotted aga- (P) Slope= 
inst 't' in zero 

k!2.303 (u) Intercept = (, 

order reaction 
(b) log (a - x lis (q) Slope 

plotted against 
2k (v) Intercept 

't' in first order 
reaction 

, (c) (a-xr l is 

plotted against 
, t' in second 
order reaction 

(d) (a xi is 

plotted against 
't' in second 

, order reaction 

(r) Slope = - k 
(when log is 
natural) 

(s) Slope k 

where, a = Initial concentration of reactant 

11 a 

(w)Intercept 
11 a2 

(x) Intercept 
= loglo a 

x Extent of reaction in time 't' sec 

[G] Match the List-I with List-II: 

List-I 

(a) Molecularity 

(b) Order 

List-II 

(P)O 

(q) 112 
(c) Temperature coefficient (r) Between 2 to 3 

(d) Activation energy for (s) 2 
participation of all reactant 
molecules 

[H] Match the Column-I withColwim-II: 

0lIwnn-1 Column-II 
'(Rate Jaw) (Order) 

( a) Rate k x Intensity of light(P) Second order 

(0) Rate k[A]l[B]1 (q) Zero order 

(c) Rate k[A]3/2[B]1I2 (r) First order when A is 
excess 

(8) Second order whenB is 
excess 
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[I] 

[J] 

Match the Column-l with Column-II: . 

Column-I Column-II 

(a) 
0.693 

(P) Zero order tll2 =--
k 

(b) 
a (q) First order 

t1l2 = 2k 

(c) 
1 (r) Average life 

'C 
k 

(d) t3/4 = 2t1l2 (8) 75% completion 

(t) 25% completion 

Match the Column-l with Column-II: 

Column-I 

3 
(a) t3/4 X'I·" 2 ,-

(b) t314 = 2 X tl/2 

(c) 6.909/ k 

(d) 2.303/ k 

Column-II 

(p) 99% completion 

(q) Zero order 

(r) First order 

(s) 90% completion 

1. [A] (a-p), (b-r, s), (c-q), (d-r) . 

[B] (a-p, q), (b-r, s), (c-p, q), (d-r, s) 

[C] (a-r), (b-p), (c-q, s), (d-q, s) 

[D] (a-p, q), (b-s), (c-r, s), (d-r, s) 

[E] (a-q),(b-p), (c-p), (d-~ s) 
[F] (a-s-u), (b-p, r-x), (c-s-v), (d-q-w) 

Here, tl12 half life 

t314 = 3/4th life 
k = rate constant 

[K] Match the Column-1 with Column-II: 

Column-I Column-U 

(a) First order reaction (p)Co O.lM; tl/2 25min 
Co = 0.05 M; tl/2 = 12.5 min 

(b) Second order reaction (q)Co = O.IM; til2 = 12 min 
Co = 0.05 M ; tl/2 = 24 min 

(c) Zero order reaction (r) Radioactive decay 

(d) tl12 varies inversely to (s) Co 0.1 M; t1l2 

the concentration of the Co = 0.05 M; t1l2 

reactants· 

[G] (a-s), (b-p, q, s), (c-r), (d--p) 

[H] (a-q), (b-p), (c-p), (d-r, s) 

[1] (a-q), (b-p), (c-q, r), (d-q, s) 
[J] (a-q), (b-r), (c-p, r), (d-r, s) 

[K] s), (b-q), (c-p), (d-q) 

8 min 
8 min 

• CTICE PROBLEMS • 

1. For the reaction A --t B, it was found that the concentration of 

B increased by 0.3 mol L-1 in 2 hours. What is t:p.e average rate 

of reaction? 
[Ans. 0.15 mol L-1 hr-I

] 

2. It;l the reaction X --t Y, the initial concentration of X is 2.5 

moL and its concentration after 3 hours is 0.7 mol L-1
. 

What is the average rate of the reaction? 
[*ns. 6.0 x 10-1 mol L-1hr-1) 

3. For the reaction 2A + B --t C, the rate off ormation ofC is 0.25 

mol L-1 hr-:-I. What is the rate of disappearance of A and B? 

[Ans. 0.5 mol L-1 hr- I; 0.25 mol L- I hr-1] 

4. For each of the following reactions express the given rate of 
change of the concentration of the reactant or product in terms 
of the rate of change of concentration of the other reactants or 
products in that reaction. 

(i) N2 + 3H2 --t 2NH3 ; 
_ d[H2] 

? 
dt 

(ii) Hz + ~ O2 --t H2O; 
_ d[Oz] 

? 
dt 

(iii) 2NO +. Clz --t 2NOCI; 
d[NOCI] 

? 

(iv) CO + N02 --t CO2 + NO; 

[Ans. (i) d[Hz) = - 3 . = + ~ -7'----"-': 
dt dt 2 dt 

(ii) d[02l = _ 1 =..!. d[H20); 
dt 2 . dt 2 dt 

(iii)d[NOCI) d[NO] = 2. 
dt dt dt 

(iv) -
dt 

_ d[COl d[e0 2 ] = d[NO] ] 

dt dt dt 
5. When annnonia is treated with O2 at elevated temperatures, 

the rate of disappearance of annnonia is found to be 3.5 x 10-2 

mol dm-3 
S-1 during a measured time interval. Calculate the 

rate of appearance of nitric oxide and water. 

[Ans. = 3.5x 10-2 rool dm-3 S-I; 
dt 

Ll[H20) = 5.3 x 10-2 mol dm-3 

dt . 
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[Hint: Consider the following equation: 
4NH3 + 502 -7 4NO + 6H20 

The equality in this case is 
1 ~[NH3] = 1 ~[NO] =.!. ~[H20] ] 
4 dt 4dt 6dt 

6. In a reaction, N20 S -7 2N02 + Yz °2 , 

the rate of disappearance of N20 S is 6.5 X 10-3 mol L-1 S-I. 

Compute the rates off ormation ofN02 and 02' 

[Ans. d[N°2] = 1.25 x 10-2 mol S-I. 
dt ' 

d[°2] 3.125 x 10-3 mol L-1 
dt 

7. For the reaction, 

203 .....:.-.: 302 

- ~[03] was found to be 4.0 x 10"""" atrus-I. 
dt 

Determine the value of ~[02 ] in atm s -I during this period of 
/It 

time. 
[Ans. 6.0xlO-4 atms-1

] 

8. The following reaction was carried out at 44" C : 

N20 S -7 2N02 + Yz 02 

The concentration ofN02 is 6.0 X 10-3 M after 10 minutes of 

the start of the reaction. Calculate the rate of production of 
N01 over the fIrst ten minutes of the reaction. 
[Ans. 6.0 x 10"""" mol L-1 min -1] 

9. The rate of a particular reaction doubles when temperature 
changes from 27" C to 37" C. Calculate the energy of 
activation for such reaction. (R = 8.314 J K-I mor l

) 

[Ans. 53.59 kJ morl] 

10. The rate' const~t of a reaction is 2 x 10-2 S -I at 300 K and 

8 x 10-2 S -I at 340 K. Calculate the energy of activation of the 

reaction. 
[Ans. 29.39 kJ mol-I] 

U. For achemicalreaction the energy of activation is 85 kJ mOrl. 
If the frequency factoris 4.0 x 109 L mol-I S-I, what is the rate 

constant at 400 K? 
[ADS. k = 3.19 X 10-2 L moriS-I] 

12. The energy of activation of a reaction is 140 kJ morl. If its 
rate constant at 400 K is 2.0 x 10-6 

S -I, what is the value at 

500K? 
[Ans. 9.06 x 10-3 s-I] 

13. '. Calculate the ratio of the catalysed and uncatalysed rate 
constant at 20° C if the energy of activation of a catalysed 
rea~tion is 20 kJ morl and for the uncatalysed reaction is 
75 kJmorl. 

fAns', 6.4 x 109 ] 

14, The decv,nposition of methyl iodide, 

LC.l!~I(g) -7 C2~ (g) + 12 (g) 

at 2730 C has a rate ccn,;t"f!t of 2.418 x 10-5 s -I. If activation 

energy for the reaction is + 179.9 kJ morl , what is the value of 

collision factor' A' at 273 ° C? 
[Ans. 3.9 x 1012 S-I] 

15, The reaction, 

2N20 S -7 2N20 4 + O2 

occurs in carbon tetrachloride. The rate constant is 
2.35 x 10-4 sec-I at 200 C and 9.15 x 10-4 sec":J at 30°C. 

Calculate the activation energy of the reaction. 
[Ans. 100,343 kJ mol-I] 

16. For the inversion of cane sugar, 

C12H220 11 + H20 -7 C6HI20 6 + C6H120 6 , 

the rate constant is 2.12 x 10"""" L mol-I sec-I at 27° C. The 

activation energy of the reaction is 1.07 x lOs J mol-I. What is 

the rate constant of the reaction at 37° C? 
[Ans. 8.46 L mol-J sec-I] 

17. From the data given below for the reaction 2A + B -7 3C at 

298 K, fInd out the rate law expression for the reaction. 
~ 

[A) .(B) Expt. . Rate of 
No. (moIL1

) (lOol!;l) formation of C 
..... ----.~. 

1. 0.10 '0.10 4.0x 10-4 

2. 0.30 0.30 1.2 x 10-3 

3. 0.10 0.30 4.0 x 10-4 

4. 0.20 0.40 8.0x 10-4 

[Ans. Rate = k[ A]] 

18. What is the rate law expression forthe reaction, 
A +B -7C? 

The following data were collected from the experiments: 

Expt. lllitiail A) Initial fBJ Rate of . 
No. (mol );"1) (mol );"1) formation of C 

---~--.. -. 
l. 0.10 0.10 4.0 x 10-4 

2. 0:20 0.20 3.2 x 10-3 

3. 0.10 0.20 1.6 x 10-3 

--
[Ans. Rate = k[A HBr] 

19. The reaction, 

2N20 S -7 2N02 + °2 , 

was studied and the following data were collected: 

Expt. (N1Osl 
Rate of disappearance of 

N10 S No. . (mol Ll) (mol L-1 miD -1) 

1. 1.13 X 10-2 34 X 10-5 

2, 0.84 X 10-2 25 X 10-5 

3. 0.62 X 10-2 18 X 10-5 

Determine (i) order the reaction (ii) the rate law and (iii) rate 
constant for the reaction. 
[Hint:' Let the rate law for the reaction be 

Rate=k[Nz05Y 

34 x 10-5 = k[L13 X 1O-2y 
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25 X 10-5 = k[0.84 X 1O-2 y 
34 X 10-5 [1.13 x' 1O-2 ]X 

or 
25x [0.84xI0-2y 

1.36 = [1.345y 

x 1 
Order of the reaction is I. Rate law k[NzOs] 

. k= Rate = 34 x 10-
5

2 
=' 30.08 X 10-3 min-I] 

[N20 5 ] 1.13 x 10-

20. For the reaction, 
2NO + 2Hz -7 Nz + 2H20, 

the following kinetic data were obtained: ------
Expt. [NO] Rate of reaction 
No. (mol L-1) (mol rl 5-1) 

1. 0.12 0.12 0.25 x 10-4 

2. 0.12 0.24 l.0 x 10-4 

3. 0.24 0.24 2.0x 10-4 

Detenrune the rate law and the rate constant. 
[Ans.· Rate k[H2 ] [NOY; k = 1.45 X 10-2 L2 mor2 

21. Fill in the blanks in the foll.owing table which treats reaction of 
a compound A with a compound B, that is of the first order 
with respect..!? A and zero ord~!..with respect to B: 

Expt. (A] (B). Initial rate 
. No. . (mol L-1

) (mol Lt) (mol Ll 5-1) 

1. 0.1 0.1 2.0 x W-2 

2. 0.2 4.0·x.1O-2 

3. 0.4 0.4 
4. 0.2 

[Ans. (2) [A] = 0.2 mol 

(3) Rate = 8.0 'x 10-2 mol L-1 

(4)[A]= 0.1 mol L-I
] 

. 2.0x 10-2 

22. The reaction 2NO + O2 -7 2NOz, follows the rate law 

== k[N0]2[02]. What is the order of the reaction? If 

k 2.0 x 10-6 mol-2 L2 8-1
, what is the rate of the r~action 

when [NO] 0.04 mol and(Oz] 0.2 mol L-I ? 

[Ans. Order of the reaction = 3; 

Rate = 6.4 x 10-10 molL- i S-l] 

. 23. From the fflllowing data of initial concentrations and rates, 
calculate the order of reaction aA -7 Products; and its 'rate 
constant. 
[A] mol L-1 . 0.1 0.2 0.4 

Rate mol 1:1 S-I 9 X 1'B-5 36 X 10-5 144 X 10-5 

[Ans. Order of reaction = 2; 
Rate constant == 9.0 x 10-3 morl L S-I] 

24. For a reaction aA + bB -7 mM + nN, the ra~e of reaction is 

given as k[Af[BY. 

Calculate the order ofthe reaction and the rate constant from 
the given initial concentrations and the corresponding rates. 

[A]mol 

[B] mol L-1 

0.1 

0.2 

0.1 

0.4 

16x 104 

0.2 

0.2 

8 x 104 

[Ans. Order of the reaction = 3., k = 1.0 X 107 L2 mor2 

25. The data given in the following table pertain to the reaction, 

2A +B -7C . 

Determine the form of the rate equation and the value of the 
rate constant. 

Initial concentration 
Expt. 
No. 

(mol Ll) Initial rate 
--------------'--. ~~~~,.;ol L~~:t::l)'. 

. ~:~);'.:7~:' .~.: . IA] 

1. 1 x 10-'3 

2. 1~ 10-3 2 X 10-3 

3. ·1 X 10-3 3 X 10-3 

[Ans. Rate ~ k[A ]2[B]; k = 7 x 1031 

2lx 10-6 

84 x 10-6 

26. The following initial rate data were obtained for the reaction: . 

2NO(g) + Br2 (g ) -7 2NpBr(g) 

Rnn (NO]/M (Dr-1 11M . RateiMmm-I 

1. 1.0 1.0 . .L30x 10-3 

2. 2.0 1.0 5.20 x.1O-3 

3. 4.0 '2.0 4.16x 10-2 

Determine the reaction rate law and the value of the rate 
constant. (Dhanbad 1992) 

dx . . . 
[Ans. - = k[NO]2[Br21; K 1.30 x 10- 3 mol-2 e s-I] 

dt 

27. The data below are for the reaction of NO and C1z to form 

NOCI at 295 K. 

Expt. rC11 ) (NO) Initial rate 
. No. . (moIL1

) (mol Ll) (mol L-l S-:I) . 

1. 0.05 0.05 l.Ox 10-3 

2. 0.15 0.05 3.0 x 10-3 

3. 0.05 0.15 9.0 X 10-3 . 
--~.-~---~----'"---"'.- .. --~--

(a) What is the order w.r.t. NO and Cl2 in the reaction? 
(b) Write the rate expression. 
( c) Calculate the rate constant. 
(d)' Detennine the reaction rate when concentrations of Cl2 

and NO are 0.2 M and 0.4 M respectively. (liT 1993) 
[Ans. (a) Orderw.r.t. NO = 2; order w.r.t. Cl2 = 1 

(b) Rate expression,r k[NO]2[C12 ] 

(c) k 8.0 e mor2 S-I 

(d) Rate;:: 0.256 mol L-1 s-l] 
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28. In the hydrolysis of propyl acetate in presence of dilute HCI in 
aqueous solution, the following data were recorded: 
Time from start (in minute) 60 350 
% of ester decomposed 18.17 69.12 

Calculate the rate constant of decomposition and time in 
which half of the ester was decomposed. 

[Ans. 3.34 x 10-3 min -1; 207.6 min] 

. 29. In a first order reaction the concentration of the reactant is 
reduced to one-fourth of its initial value in 50 seconds. 
Calculate the rate constant of the reaction. 
[Ans. 2.77 x 10-2 S-I] 

30. For a first order reaction, the rate constant is 0.1 S-I. How 
much time will it take to reduce the concentration from initial 
value of 0.6 mol L -I to 0.06 mol C l ? 

[Ans. 23.0 second] 
31. A substance decomposes following first order reaction. If the 

half life period of the reaction is 35 minutes, what is the rate 
constant of this reaction? . 

[Ans. 1.98 x 10-2 min -lj 

. 32. For a certain first order reaction, it takes 5 minutes for the 
initial concentration of 0.6 mol L-I to become 0.2 mol L-1

. 

What is the rate constant for this reaction? [log 3 0.4771]. 

[Ans. 0.2197 min-I] 

33. Find the two-thirds life (t213 )of a first order reaction in which 

k = 5.48 X 10-1 sec-I (log 3 = 0.4771; log 2 0.3010). 

[Ans. 2.005 s] 
2.303 a] 

[Hint: tiJ3::: loglo 
k a Jia 

34. A first order reaction has a specific rate of 10-3 sec-!. How 
much time will it take from 109 of the reactant to reduce to 
7.5 g (log 2 = 0.3010; log 4 =0.6020 and log 6 0.7782)? 

[Ans. 287.7 s] 
35. In a reaction 5 g ethyl acetate is hydrolysed per litre in 

presence of dilute HCI in 300 min. If the reaction is of first 
order and initial concentration is 22 g per litre, calculate the 
rate constant for the reaction. 

[Ans. k::: 8.59 X 10-4 min-1 
] 

36. talculate the half life of the reaction A -7 B, when the initial 

concentration of A is 0.01 mol C 1 and initial rate is 0.00352 

mol L-1 min -1. The reaction is of the first order. 

[Ans. 

[Hint: 

1.969rnin] 
. d:x' 
Evaluate k from ~ = k[ A] ] 

dt 

37. In a reaction, A -7 B + C, the following data were obtained: 

t in seconds 0 900 1800 
Concentration of A 50.8 19.7 7.62 

Prove that it is a first order reaction. 

[Hint: Calculate the value of k in both cases by using first order 
equation.] 

,38. The first order reaction has k = 1.5 x 10-6 per second at 

2000 C. If the reaction is allowed to run for 10 hours at the 
same temperature, what percentage of the initial concentration 

would have changed into the product? What is the half life 
period of this reaction? 

[AilS. tIl2::: 128.3 hours; 5.27%]' 

39. A first order reaction is 20% completed in 10 minutes. 
Calculate (i) the specific rate constant of the reaction and (ii) 
the time taken for the reaction to go to 75% completion. 

[Ans. k 2.232 x 10-2 min -\ t = 62.12 min] 

40. The rate constant of a reaction with respect to reactant A is 6 
min-I. If we stali with [A] 0.8moIL- I , when would [A] 

reach the value of 0.08 mol L- I? ' 

[Ans. 0.3838 min] 
41. What will be the initial rate of a reaction if the rate constant is 

10-3 min -\ and the concentration is 0.2 11101 dm-3 ? How much 

of the reactant will be converted into the product in 200 
minutes? 

[Ans. Initial rate 2 x 10-4 mol S-I; 0.036 mol] 

42. A substance A decomposes by the first order reaction. Startinr 
initially with [A] = 2.00 M, after 200 minutes [A] 0.25/, 
For this reaction what is tll2 and k? 

[Ans. tl12 66.66min,k 0.01039 min-I] 

43. The specific rate constant for the concentration of H2 and Iz to 

fonn HI is 0.0234 mol-I LSI at 400" Cand 750 mol-I L at 

5000 C. Calculate the activation energy of the reaction. 

!eL 
[Ans. 107.9 kcal] 

44. For a certain reaction it takes 10 minutes for the initial 
concentration of 2.0 mol to become 1.0 mol L-1 and 

another 10 minutes to become 0.5 mol L-I . Calculate the rate 

constant of the reaction. 

[Ans. 0.0693 min -I] 

45. The catalytic decomposition of HzOz was studied by titrating 

it at different intervals with KMn04 and the following data 
were obtained: 

t (seconds) 0 600 1200 
V ofKMn04 (rnL) 22.8 13.8 8.3 
Calculate the velocity constant for the reaction assuming it to 

. .be a first order reaction. 
[Ans. 8.4 x 10-3 S -1] 

[Hint: Volume of KMnO 4 used oc concentration of H20 2 

2.303 Vo 
Hence, k = -- loglo-] 

t VI 

46. The half life of a first order reaction is 10 seconds. Calculate 
the time for completion of 99.9% of the reaction. 
[Ans. 99.7 sec"" 100 sec] 

47. A first order reaction is 40% complete after 8 min. How long 
will it'take before it is 90% complete? What is the value of the 
rate constant? 

[Ans. k 0.06386 min -I; t 36.06 min] 

48. The reaction S02Clz -7 S02 + C1 2 , is a first order gas 

reaction with k 2.2 x 10-5 s-I at 573 K. What per cent of 

SOzClz is decomposed on heating at 573 K for 90 min? 
[Ans. 11.2] 



562 G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 

49. The decomposition of AB(g) ~ A (g) + B(g), is first order 

reaction with a rate constant k 4 x 10-4 at 318 K. If AB 

has 26664.5 Pa pressure at the initial stage, what will be the 
partial pressure of AB after half an hour? 
[Ans. 12981.7 Pa] 

50. In the first order reaction A (g ) ~ B (g) + C(g), the initial 

pressure of A is 11200 Pa and the total pressure at the end of 
16 minutes is 14667 Pa. Calculate the half life period of 
reaction. 
[Ans. 30 min] 

51. It was found that a solution of cane sugar was hydrolysed to 
the extent of 25% in 1 hr. Calculate the time taken for the 
sugar to be 50% hydrolysed assuming that the reaction is of 
first order. 
[Ans. 2.408 hours] 

52. A reaction is 20% complete in 20 minutes. How long will it 
take for 80% completion if the order of reaction is (a) zero and 
(b) one? 
[Ans. (a) 80 minutes '(b) 144.27 minutes] 

53. A second order reaction where a b is 20% completed in 500 

seconds. How long will the reaction take to be 60% complete? 
[Hint: Apply 

k == x 20 _1_ mol-I L S-l 

ta(ti''-x) 500[100x(lOO 20)] 200000 

60 
t==----

k x 100 x 40 
60 x 200000 3000 seconds] 

100 x 40 

54. At a certain temperature, the half life periods of a reaction at 
different initial pressures were as follows: 
p (kPa) 100 66.67 33.33 
t (min) 105 235 950 

Find out the order of the reaction. 
[Ans. 3] 

55. The time for half change for a gaseous reaction was measured 
for various initial pressures and the following data were 
obtained: 
p (kPa) 26.6 40 
t (min) 150 99.8 
Find out th.: order of the reaction. 
[Ans. 2] 

53.3 
75.3 

56. Show that for a first order reaction the time required for 99% 
completion is twice the time required for the completion of 
90% of the reaction. 

57. Show that for a first order reaction the time required to 
complete 99.9% of the reaction is 10 times that required for 
half the reaction. 

58. Show that for a first order reaction, the time required for a 
50% reaction is half that for 75% reaction.' 

59. 
1 

The decomposition of an aqueous solution of ammonium 
nitrite was stl.1cied. The .volume of nitrogen gas collected at 
different inteI;Vals of time was as follows: 
Time (minutts) 10 IS 20 00 

Vol. ofN2 (mL) 6.25 9.00 11.40 35.05 
From the above data prove that the reaction is of the first order. 
[Hint: [A]o == volume of nitrogen at 00 == 35.05 

[A],=V~ V,! 

when t == 10, k = 2.303 log 35.05 0.0196 
10 (35.05 6.25) 

60. 

61. 

62. 

when tIS, k==0.0198 
when t 20, k = 0.0196] 
Optical rotation of sucrose in' 1 N HCI at various times was 
found as shown below: 
Time (sec) 0 7.18 18.0 27.05 00 

Rotation (deg) + 24.09 + 21.7 + 17.7 +15.0 -10.74 
Show that the inversion of sucrose is a first order reaction. 

[Hint: Initial concentration, [A 1 == '0 - r;" 

At time t, [AL='i-I~ 
k == 11.8 X 10-3 S-I] 

The rate law for the decomposition of gaseous N20 S 

N20 S ~ 2N02 + h 0 2 

is observed to be: 

- dlN2°sJ = k[N ° ] 
dt 2 S 

A reaction mechanism which has been suggested to . be 
consistent with this is: 

K 

N20 S ~ NOz + NO} (fast) 

kl 
NOz + NO} ~ N02 + NO + 02 (slow) 

k2 

NO + NO) ~ 2N02 (fast) 

Show that the mechanism is consistent with the observed law. 
[Hint: r k l [NOz][N03 ], 

K [NOz ][NO)] or [NO, ] == --"--=-"-" 

(Nps] 0 [N02 ] 

r kIK[NzOs]=k[NzOs]] 
Write the overall reaction and the rate law equation from the 
following elementary steps: 

NO + Brz ~ NOBrz 
NOBr2 + NO ~ 2NOBr 

[Hint: Adding both the steps, we get overall real'; ,'1, 

2NO + Brz ~ 2NOBr. 
The second step is slow and, therefore, a rate determining step. 

r k'[NOBrz ][NO] 

K or [NOBr2] = K[NO][Br2] 
[NO][Brz] 

r k' K[NOY[Brz] ] 

63. The reaction, 2NO + 0z ~ 2N02 proceeds in two steps. If 
one elemental), reaction is NO + O2 ~ N03, write the second 
elementary reaction. Write the rate law of the reaction. 

. [Ans. NO + N03 ~ 2NOz, rate = k[NO] 2 [°2 ] ] 

. 64. At 3800 C, the halflife period for the first order decomposition 

ofH20 z is 360 min. The energy of activation ofthe reaction is 
200 kJ mol-I. Calculate the time required for 75% 
decomposition at 4500 C. (HI' ] 995) 
[Ans. 20.39 min] 

65. Calculate the average rate of decomposition of NzOs by the 
reaction, 

2N20 S (g ) ~ 4NOz (g ) + O2 (g ). 
. During the time interval-from t = 600 s to t = 1200 s using the 
following data: 
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Time 

600 s 
1200 s 

[Ans. 5.166 x 10-6 M 

(NzOsl 
1.24 x 10-2 M 
0.93 X 10-2 M 

66. Consider the diagram for reaction: 

A2 + B} -;:::::::": 2AB 

(a) Calculate the t:Jl of the reaction. 
(b) Calculate the energy of activation for forward and 

backward reaction. 
(c) The dotted line curve is the path in the presence of a 

catalyst. What is the energy of activation for the 
forward and backward reactions in the presence of the 
catalyst? 

t 140 

130 

~ 110 
<D 

ill 100 

Progress of reaction -

What is the lowering in activation energy In the 
presence of the catalyst? 

(d) Will the catalyst change the extent of the reaction? 

[Ans. (a) I:lH 10 kJ I mol; 

(b) Ef = 30 kJ / mol; Eb = 40 kJ / mol; 
(c) Ef = 10 kJ / mol; Eb == 20 kJ / mol; 20 kJ / mol; 
(d) no] 

67. Temperature coefficient, !.I. k35"C of a reaction is 
k25"C 

1.82. Calculate the energy of activation in calories. (R 1.987 
cal degree -1 mol-I ). 

[Ans. 10.924 kcallmol] 

68. For first order gaseous reaction, log k when plotted against 1 
T 

gives a straight line with a slope of -8000. Calculate the 
activation energy of the reaction. 
[Ans. 36.6 kcal] 

69. The rate at 27° C of a chemical reaction increases 1000 times 

when a suitable catalyst is introduced. Calculate the change in 
the energy ~f activation that the catalyst has brought in. 

[ADS. 4118 cal] 
70. Dehydration of tertiary butyl alcohol follows a first order 

reaction, 

CHz (g) + HzO(g) 

the rate constant at 300° C is 2.27 x 10-8 
S -I. Calculate the rate 

constant at 4000 C if the energy of activation for the reaction is 
58 kcal. 
[Ans. 4.392 x 10-5 

11. Let us consider the following mechanism: 

CH3CN + H + -;:::::::": CH3CNH + 

CH3CNH + + H20 -'7 Product 

What would be the rate law? 

[Am~ Rate =:: k[CH3CN][HzO][H'"] ] 

(fast) 

(slow) 

U The thermal isomerization of cyclopropane occurs according 
to the equation: 

CHz CH2 ---t CH3 
~~ 

CH2 

The specific reaction rate constant for this reaction at 4990 C 
was 5.95 x 10-4 sec -I. What is the half life of the reaction? 

What fraction of the cyclopropane will remain after I hour at 
499.5° C? 
[Alts:. 1165 s; 11.7%] 

1.3. A substance' A' was found to undergo two parallel first order 
reactions, 

B 
A( , i.e.,A -'7B and A -'7C, 

C 

with rate constants 1.26 x 10--4 S -I and 3.8 x 10-5 s -: respecc 

tively. What were 'the percentage distributions of Band C? 
[Ans.. 76.83% ofB and 23.17% ofC ] 

14. Two reactions proceed at 25° C at the same rate; the 

temperature co,efficient of the rate of the first reaction is 2 and 
that of the sf'!cond reaction is 2.5. Find the ratio of rates of 
these reactions at 95° C. 
[Ans. 5 times] 

7S. The popUlation of India in the year 1988 was 800 million. 
Growth rate is 25 per thousand per year. What will be the 
population in the year 2000 if the growth follows first order 
kinetics? 

[Ans. 1075 million] 

16. Half lives against initial pressure are given below. Calculate 
the order of the reaction. 

p (rom) 750 500 250 
t (min) 105 235 950 

Find out the order of the reaction. 
[AM.. 3] 

11. For a given reaction at temperature T, the velocity constant k, 
is expressed as: 

k = Ae-Z7000 efT (k' Boltzmam1 constant) 

Given, R = 2 cal K -I morl. Calculate the value of energy of 

activation. Comment on the results. 
[Ans. E 18 x 10-20 cal] 

[Rin.~ Compare the equation with Arrhenius equation 

k ... (i) 
k Ae-27DOOk'IT ... (ii) 

Eo == 27000k' 

RT T 
Ea == 27000Rk' 

27000 R x !!:.- = 27000 X (2)2 
N 6.023 X 1023 
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= 18 X 1O-z0 cal 

. ·'Activation energy is low, therefore reaction will be fast.] 

78: If the activation energy of a reaction is 80.9 kJ mol-I, calculate 
the fraction of molecules at 400°C which have enough energy 

} . 

to react to form the products. . 
[Ans. 5.257 x 10-7

] 

·.··[Hint: Fraction of total molecules which arc active at a 
·temperattire is given as, 

k 
log A = 2.303 RT 

!!... = antilog ( -Ea ) 
A l2.303RT 

Substituting the values of E and T we can solve the problem.] 
1f£ The following data were obtained for a given reaction at 

,300;._ .. . 
Reaction . E~ergyof activation (kJ/mol) 

1. Uncatalysed 76 

2. Catalysed 57 

Calculate by what factor the rate of catalysed reaction is . 
increased? 

[AJis. 2000] 

k f M ) 
[Hint: Use: .J!.. == antilog l---

ka 2.303RT 

, 'kp == 'rate constant in presence of Catalyst 
ka == rate constant in absence of catalyst 
M = 76 57 = 19 kJ / mol] 

The Arrhenius equations, for cis-trans isomerization of 
but-2-ene (CHJ - CH=CH- CHJ ) and but-2-ene, I-nitrile 
(CHJ CH=CH-CN)are, 

k(S-I) == IOns exp (-263.5 kJ mor l 1 RT) 

k -I (s-I ) lOll exp (-214.5 kJ mol-II RT) 

Calculate the temperature at which k k -I. 

[Ans. 914 K] 
St. The half life for a reaction between fixed concentration of 

reactants varies with temperature as follows: 
tOC 520 533 555 

.t1/2 sec 1288 813 562 

Calculate the activation energy of this reaction. 
[Ans. 

• [Hint: 

86.47 kJ mol-I] 

Use: (k ) 
log l k~ E (I 

2.303R T1 -' 

kz = 0.693/ t2 

k j = 0.693/ tl 

. (tl)" E (1 1 \J log - f --- ] 
t2 ' 2.303R TI Tz 

574 

477 

.. 82 •. What percentage of reactant molecules will crossover the 
: 'energy barrier at 325 K? Heat of reaction is 0.12 kcal and 

. activation energy of backward reaction is 0.02 kcal. 

[Hint: Activation energy of forward reaction = 0.12 - 0.02 

= 0.10 kcal 
Fraction of molecules which are active 

or which crossover the energy barrier (~) = 

(
kl 

loge -:4) 
E 

RT 

k antilog [ -E ] 
A 2.303 RT 

.1 [-O.lOX 1000 ] = antI og 
2.303 x 2 x 325 

= antilog [-0.06680] 0.8574 
. . Percentage of reactant molecules crossing over the barrier 

0.8574 x 100 = 85.74] . 
83. In a milk at 37°C Lactobacillus acidophillus has a generation 

time of about 75 minutes. Calculate the population relative to 
the initial value at 30,60, 75, 90 and 150 minutes. 

[Ans. tmin 30 60 75 90 
N I No 1.32 1.74 2 2.30] 

[Hint: In the case of population growth we have to use growth 
kinetics. 

-k 2.303 log (_a_i 
t la+x; 

a = initial population 
x = growth in population in time' t' 
Here, No = a; N = a + x] 

84. Two reactions of same order have equal pre-expbnential 
factors but their activation energies differ by 41.9 J/mo\. 
Calculate the ratios between rate constants of these reactions 
at 600 K. 

85. 

[Ans. 0.002] 
[Hint: Use the relation, 

loglO k = 10giO A 
E 

... (i) 
2.303RT 

2.303 x 8.314 x 600 
. .. (ii) 

loglO k2 = loglO A - 2.303 x 8.314 x 600 ... (iii) 

El - E2 = 41.951 mol. ... (iv) 
Subtract eq. (iii) from eq. (ii) to determine the ratio.] 
A decomposition reaction has following mechanism 

2Nz0 5 ---t 4N02 + 02 (overall) 
N20 5 ----" N02 + N03 (fast decomposition) 

N01 + N03~ NO + NOz + 02 (slow) 
NO + N03 ---t 2NOz (fast) 

Determine rate law, is the mechanism corresponds to first 
order reaction. 

-d[N ° 1 [Ans. 2 S = [N20 S ]] 
dt k j + k3 

86. Rate constant of a reaction changes by 2% by O.loC rise in 
temperature at 25°C. The standard heat of reaction is 121.6 kJ 
mol-I. Calculate Ea of reverse reaction . 

[Ans. 24.7 kJ/mol] 
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[Hint: log r k21 
\k j ) 

f 1 1 J 
2.303R l T j - T2 

102 E ( 1 1 ') 
log 100 = 2.303 x 8.314 298 - 298. tJ 

E = 1.463 X 105 J I mol 146.3 kJ I mol 

Ml=Ef 
121.6 = 146.3 Eb 

Eb = 24.7 kJ I moll 
87. Urea (NH2 )2CO can be prepared by heating ammonium 

cyanate NH40CN. 
NH40CN ----1 (NH2 hCO 

The reaction may occur by the following mechanism: 

NH4+ + OCN .,,-- NH3 + HOCN 
k I 

(fast, equilibrium) 
k, 

NH3 +HOCN - --+ (NH2 )2 CO (slow) 

What is rate law predicted by this mechanism? 

_£OBJE~IIVE·QUESTIONS 

Set-1: Questions with single correct answer 

1. Chemical kinetics, a branch of physical chemistry, deals with: 
(a) heat changes in a reaction 
(b) physical changes in a reaction 
( c) tates of reactions 
(d) structure of molecules 

2. The rate at which a substance reaGts depends upon its: 
(a) atomic mass (b) equivalent mass 
(c) molecular mass (d) active mass 

3. The rate of a chemical reaction: 
(a) increases as the reaction proceeds 
(b) decreases as the reaction proceeds 
(c) may increase or decrease during the reaction 
(d) remains constant as the reaction proceeds 

4. For the reaction, N2 + 3H2 2NH3, rate is expressed as: 

d[H2] 3 d[NH3] 
(a)-3 dt dt 2 dt 

(b) _ d[N2] I d[H2 ] 1 d[NH3J 
dt 3 --;Jt = '2-;Ii 

(c) 
d[N2] ___ 3d[H2 ] 2d[NH3 ] 

dt 
(d) _ d[N2] 

dt 

dt 
d[H2] 

dt 

dt 

dt 
5. For the re!lction, 2N02 ----1 2NO + O2, rate is expressed as: 

(a) _ 1 d[N02 ] = 1 d[NO] = d[02] 
, 2 dt 2 dt dt 

(b)_l _.!. =d[02] 
2 dt 2 dt dt 

[Ans. Rate = [NH~ ][OCN~ 
k - I 

88. For the reaction N2 (g) + 3R2 (g) ----1 2NH3 (g), under 

certain conditions of pressure and temperature of the reactants, 
the rate of fonnation of NH3 is 0.00 I kg hr~l. Calculate the 

rate of reaction for Nl and H1. 

[Ans. 1.76 x 1O~4 kg hr ~jl 

_d[N:d Id[R2l=+.!. 
dt 3 dt 2 dt 

[Hint: 

= O.OOlkg hrl 0.001 x 1000 mol hr-I" , 
dt 17 

0.058 molhr- j 

-d[N,l I 0058 Ihr··· j 
-~-= x. mo 

dt 2 

= 0.029 mol hr-! 

= 0,029 x 28 x 10-3 kg hr~! 

= 8.12 X 1O~4 kg hr~! 

(c) 

S' ') I d[R 2 l Iml ar Y,---
dt 

2d[N02 ] = 
dt dt dt 

d[NO] 
(d) - ---C'--"-" = -. - = 

dt dt dt 
6. The rate of reaction that does not involve gases, is not 

dependent on: 
(a) pressure 
(c) concentration 

(b) temperature 
(d) catalyst 

7. For the reaction, A + B 

incorrect statement? 

2C + D, which one is, the 

(a) Rate of disappearance of A Rate of disappearance.af B 
(b) Rate of disappearance of A Rate of appearance of D 
(c) Rate of disappearance of B 2 x rate of ap}".'arance of C 

, I 
(d) Rate of disappearance ofB = - x rate of appearance of C 

. '2 

8. In a reaction, 2Al + B2 2A 2B, the reactant A will 

disappear at: 
(a) half the rate that B will decrease 
(b) the same rate that B will decrease 
(c) double the rate that A2B will fonn 
(d) twice the rate that B will decrease 

9. In the reaction 3A ~ 2B, rate of reaction + 

(a) .!. d[A] (b) 
3 dt 

2 d[A] (c) + 2 
3 dt dt 

is equal to: 
dt . 

[JEE (WO) 10081 
(d) _ ~ d[A]; 

2 dt" 
10. For the reaction, 2NO ----1 N2 + O2, the expression 

_ .!. d[NO] represents: 
2 dt 

.~ 

; . 
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(a) the rate off ormation of NO 
(b) the average rate (Jf the reaction 
(c) the instantaneous rate of the reaction 
(d) all of the above 

itt. The term dx in the rate expression refers to the: 
dt 

(a) instant.aneous rate of reaction 
(b) average rate of reaction 
(c) in<::rease in the concentration of reactants 
(d) '.;oncentration of reactants 

tf.2. According to collision theory of reaction rates: 
'. (a) every collision between reactant molecules leads to a 

chemical reaction 
(b) rate of reaction is proportional to the velocity of the molecules 
(c) rate of reaction is proportional to the average energy of the 

molecules 
(d) rate of reaction is proportional to the number of collisions 

per second 
iJ'S. According to collision theory: 

(a) all collisions are sufficiently violent 
(b) all collisions are responsible for product fonnation 
(c) all collisions are effective 
(d) only a fraction of collisions are effective which have 

enough energy to form products 
n.. Which of the following has been used to explain the subject of 

chemical kinetics? 
(a) Collision theory of bimolecular reactions 
(b) The activated complex theory 
(c) Arrhenius equation 
(d) All of the above 

lfS. The activation energy for a chemical reaction depends upon: 
(a) temperature 
(b) nature ofreacting species 
(c) concentration of the reacting species 
(d) collision frequency 

1.1.16. In a reaction, the threshold energy is equal to: 
(a) activation energy + normal energy of reactants 
(b) activation energy - normal energy of reactants 
(c) normal energy of reactants activation energy 
(d) average kinetic energy of molecules of reactants 

11~. The influence of temperature on the rate of reaction is 
determined by: 
(a) Nernst's equation (b) Gibbs-Helmholtz equation 
( c) Arrhenius equation (d) van't Hoff equation 

1l~. According to the collision theory of reaction rates, the rate of 
reaction increases with temperature due to: 
(a) greater number of collisions 
(b) higher velocity of reacting molecules 
(c) greater number of molecules having the activation energy 
(d) decrease in the activation energy 

l~. The temperature coefficient of a reaction is: 
(a) ratio of rate constants at two temperatures differing by 1°C 
(b) ratio of rate constants at temperature 35°C and 25°C 
(c) ratio of rate constants at temperature 30°C and 25°C 
(d) specific reaction rate at 25° 

!t. In general, with every 10°C rise in temperature, the rate of 

11. 

n. 

reaction becomes approximately ........... . 
(a) ten times (b) double 
(c) half (d) one tenth 
Activation energy of the reaction is: 
(a) the energy released during the reaction 
(b) the energy evolved when activated complex is form(~d 
(c) minimum amount of energy needed to overcome the 

potential barrier 
(d) the energy needed to form one mole of the product 
The temperature coefficient of most of the reactions lies 
between: 
(a) 2 and 3 (b) I and 2 
(c) 2 and 4 (d) 3 and 4 
According to Arrhenius equation, rate constant of a chemical 
reaction is equal to: 

(a) IRT 

(c) AeRT1E
" 

(b) AeE" IRT 

(d) Ae-NT / Ea 

.14. The correct expression for Arrhenhr - ,;t,r,' .ne 
effect of temperature on the rate constant is (T2 > 1\ ): 

!1'CE :::f'~H' 

a 10 k2 - [ 1\T2 l 
() glo k) -2.303R T2 -1) ~ 

(b) 
R 

(c) loglo k T.T 
) 1 2 

(d) 10 k2 _ [T2 - 1) ] 
g)O k) - 2.303R 7

2
1\ 

a In order to react, a molecule, at the time of collision, must 
possess a certain amount of energy known as: 
(a) free energy (b) kinetic energy 
(c) threshold energy (d) internal energy 

l6. The activation energy of a reaction is zero. The rate constant 
of the reaction: r i ~ 9~; 

( a) increases with increase of temperature 
(b) decreases with decrease of temperature 
(c) decreases with increase of temperature 
(d) is nearly independent of temperature 

7lJ1.. The activation energy of a reaction can be lowered by: 
(a) using a positive catalyst 
(b) increasing temperature 
(c) decreasing temperature 
(d) increasing concentration of the reactants. 

A The activation energy for a hypothetical reaction A ~ Product 

is 12.49 kcallmol. If temperature is raised from 295 to 305, the rate 
of reaction increases by: 
(a) 60% (b) 100% 
(c) 50% (d) 20% 

::29. The plot between concentration versus time for a zero order 
reaction is represented by: ,.\,\H li.;x; 
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j j 
(a) C (b) InC 

I I 

-t- -t-

j j 
(e) C (d) C 

I I 

-t- -t-

30. The rate of reaction increases with rise in temperature because 
of: [CoOled (Karnataka) 20081 
(a) increase in the number of activated molecules 
(b) increase in the activation energy 
(c) decrease in the activation energy 
(d) increase in the number of molecular collisions 

31. Which of the following is a first order reaction? 
(a) 2HI ---'t + 12 (b) 2N02 ---'t 2NO + O2 

(c) 2NO+ O2 ---'t 2N02 (d) NH4NO, ---'t N, + 2H,O 
32. Which one of the following is not a first o;der reaction? -

H+ 

(a) CH}COOCH} + H20 ---'t CH}COOH + CH)OH 

(b) CH)COOC2Hs + NaOH ---'t CH)COONa + C2HsOH 
(c) 2H20 2 ---'t 2H20 + O2 

(d) 2NzOs ---'t 4N02 + 02 

33. Rate expression of a chemical change is 

The order of reaction is: 

dx = k[Af[B][Ct 
dt 

(a) 3 (b) 2 (c) I (d) zero 
34. For a reaction, 2A + B ---'t C + D, the concentration of B is 

kept constant and that of A is tripled the new rate of reaction 
will be: 
(a) nine times (b) three times 

(c) same (d) zero ". 
35. The rate ofthe reaction, A + B + C ---'t Products, is given by 

_ d[A] = k[A ]1/2[B f3[c ]1/4 
dt 

The order of the reaction is: 
(a) 112 (b) l3112 
(c) I (d) 2 

36. Which of the following rate laws has an overall order of 0.5 
for the reaction involving substances x, yand z? 

(a) Rate = ~[Cx][Cy][Cz] 

(b) Rate k[Cx t 5[Cv ]O.5[Cz]05 

(c) Rate = k[Cxt5[Cyrl[Cz]O 

(d) Rate==k[Cx][Cyr2[Cz]o 

37. If the rate of reaction between A and B is given by rate 

== k[A][B]2, then the reaction is: 

(a) first order in A (b) . second order in B 
(c) third order overall (d) all are COlTect 

38. For the reaction A ---'t B, the rate of reaction is quardrupled 

when the concentration of A is doubled; the rate of the 
reaction is r k[ A r; the value of n is: 

(a) I (b) zero (c) 3 (d) 2 

39. Select the rate law that corresponds to the data shown for the 
following reaction: A + B ---'t·e (CB"E 1994) 

Expt. No. 

1. 

[AJo 

0.012 

0.024 

0.024 

0.012 

[Blo 

0.035 

0.070 

0.035 

Initial rate 

2. 

3. 

4. 

(a) rate k[B]} 

(c) rate k[A][B]3 

(b) rate k[ B]4 

(d) rate k[A]2[Bf 

0.10 

0.80 

0.10 

0.80 

40. For a chemical reaction, A E, it is found that rate of 

reaction is doubled when the concentration of A is increased 
four times. The order ofthe reaction is: 
(a) I (b) 2 
(c) 1/2 (d) zero 

41. The rate of reaction, A + B ---'t Products, is given by the 

equation. r k[A J[B]. If B is taken in large excess. the order 
of reaction would be: (BIT 1992) 
(a) 2 (b) 1 

(c) zero (d) unpredictable 

42. The rate of reaction between A and B increases by a factor of 

100, when the concentration of A is increased 10 folds. The 
order of reaction with respect to A is: 
(a) 10 (b) 2 (c) I (d) 20 

43. The rate law for the reaction, . 

RCI + NaOH(aq.) ~ ROH + NaCI 
is given by, Rate k[RCI]. The rate of reaction will be: 
(a) unaffected by increasing temperature of the reaction 
(b) doubled on doubling the concentration ofNaOH 
(c) halved on reducing the concentration ofNaOH to one half 
(d) halved on reducing the concentration of RCI to one half 

44. A zero order reaction is one: 
(a) in which reactants do not react 
(b) in which one of the reactants is in large eXces~ 
(c) whose rate is unifonn and not affected by time 
(d) whose rate increases with time 

45. The rates of a certain reaction at different time intervals are as 
follows: 
Tiine (second) 0 10 20 

Rate 1.8x 1O~2 1.82x 1 0~2 l.79x 1O~2 mol L-1 

The reaction is of: 
(a) zero order (b) first order 
(c) second order (d) third order 

46. F or which of the following, the units of rate and rate constant 
of the reaction are identical? ;' 
(a) First order reaction 
(e) Second order reaction 

(b) Zero order reaction 
(d) Fractional order reaction 
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47. The unit of rate constant for a zero order reaction is: 
(a) mol time-I (b) Ltime-I 

(c) mol L-1 time-1 (d) L mol-I time-1 

48. Fora zero order reaction: IEAMeE! ;(90) 
1 1 

(a) t1/2 0<: a (b) t1/2 oc;; (e) tll2 cc a
2 

(d) tl/2 cc a 2 

. 49. The rate of the first order reaction, A Products, is 

7.5 x 10-4 mol , when the concenlla,~,)fl of A is 0.2 mol 

L-1
, The rate constant of the reaction is: 

(a) 2.5 x 10-5 S-1 (b) 8.0 x 10~ S-1 

(c) 6.0x 10-4 S-I (d) 3.75 x 107'3 

50. If the concentration is expressed in mole per litre and time in 
second, the units of rate constant for a first order reaction is: 

(a) mol L-1 (b) 

(c) mol (d) mol-I 

51. 'Which one of the following formula represents a first order 
reaction? 

( ) ' k - 2.303 I a --- og 
t [A]o 

(b) k = 1. x 
t a(a x) 

(c) k = 2.303 log _a_ (d) k 
t a - x 

2.303 I Ii -- og-
t . x 

52. 75% of a first order reaction was completed in 32 minute; 
when was 50% of the reaction completed? 
(a) 4 min (b) 8 min (c) 24 min Cd) 16 min 

53. The first order rate constant for the decomposition ofN20 s is 

6.2 X 10-4 
• The half life period for this decomposition is: 

(;\iL'iR 19q i) 

(a) 1117.7 s (b) 1117 s (c) 223.4 s (d) 160.9 s 
54. The half life period of a first order reaction is: 

Ca) 0.693 (b) 0.693 (c) 0.69~ (d) 0.693 
a k t ak 

55. The specific rate constant of a first order reaction depends on: 
Ca) concentration ofthe reactants 

. (b) concentration of the products 
(c) time 
(d) temperature 

56. For a given reaction of first order, it takes 20 minutes for the 
concentration to· drop from 1.0 M to 0.6 M. The time required 
for the concentration to droP. from 0.6 M to 0.36 M will be: 
(a) more than 20 minutes (b) less than 20 minutes 
(c) equal to 20 minutes (d) infinity 

57. For the first order reaction A ------* Product, the half life is 200 

. seconds. The rate constant of the reaction is: 
(a) 3.46 x 10-2 S-I (b) 3.46 x 10-3 s-! 

(c) 3.46 x 10~ S-I (d) 3.46 X 10-5 S-l 

58. The following data were obtained for the thermal 
decomposition of nitrous oxide on finely divided gold: 
t (minutes) 0 20 40 60 80 

Concentrati{)n of N20 (mol LI) 0.10 0.08 0.06 0.04 0.02 

The order of reaction is: 

(a) zero (b) I (c) 2 (d) 3 

59. The following data are for the decomposition of ammonium 
nitrite in aqueous solution: 

Vol. ofN2 incm3 6.25 9.0 11.42 13.65 35.02 

Time (min) 10 15 

The order of reaction is: 

Ca) 3 
[Hint: 

Apply, 

(b) 2 (c) 
a 35.02, (a - x) = 35.02 VI 

k = 2.303 10 35.02 
t g (35.02 Vt) 

20 25 00 

(d) zero 

60. In the first order reaction, the concentration of reactant 
decreases from 1.0 M to 0.25 M in 20 minutes. The value of 
specific rate is: 

6L 

62. 

63. 

(a) 69.32' . (b) 6.932 (c) 0.6932 (d) 0.06932 
The half life period of a first order reaction is 10 minutes. The 
time required for the concentration of the reactant to change .' 
from 0.08 M to 0.02 M is: (1fT i99i)) 

(a) 10 min (b) 20 min (c) 30 min (d) 40 min 
The rate constant for the hydrolysis reaction of an ester by 
dilute acid is 0.6931 x 10-3 S-I. The time required to change 

the concentration of ester from 0.04 M to 0.01 Mis: 

(a) 6931 sec (b) 4000 sec 

(c) 2000 sec (d) 1000 sec 
The rate of a gaseous reaction is given by the expression 
k[A][B]. Ifthe volume of reaction vessel is suddenly reduced 
to one-fourth of the initial volume, the reaction rate relative to 
the original rate will be: (lIT 1992) 

(a) 1/16 (b) 1/8 (c) 8 (d) 16 
64. The velocity of a reaction is doubled for every 10°C rise in 

temperature. If the temperature is raised to 50°C, the reaction 
velocity increases by about: 

(a) 12 times (b) 16 times (c) 32 times (d) 50 times 

65. If the rate expression for a reaction is dx = k[A]1I2[B]3i2, the 
dt 

overall order of the reaction is: [CEE (Bihar) 19921 

(d) 1 (a) 2 (b) 112 (c) 3/2 
66. The rates of a certain reaction at different times are as follows: 

Time (second) 0 10 20 30 

Rate 
(mol L-1 

2.8 x ro-2 2.78 x 10-22.81 x 10-22.79 x 10-2 

The reaction is of: 
(a) third order (b) second order 
(c) first order (d) zero order 

67. The second order rate constant is usually expressed as: 
(a) mol (b) mor l L-I S-I 

(c) mol-1 Ls-1 (d) mol Ls-I 

68. The hydrolysis of ethyl acetate is a reaction of: 
H+ 

CH3COOC2Hs + H20 ------* CH3COOH + C2HsOH 

(a) zero order 
(c) second order 

(b) first order 
(d) third order 
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69. The inversion of cane sugar is represented by, 

It is a reaction of: tpMT (MP) 19931 
(a) second order (b) unimolecular 
(c) pseudo-unimolecular . (d) zero order 

70. In a second order reaction, the time needed for the initial 
concentration of the reactant to reduce to halfthat value is: 
(a) independent of the initial concentration 
(b) proportional to the initial concentration 
(c) inversely proportional to initial concentration 
(d) proportional to the square of the initial concentration 

71. Which of the following statements regarding molecularity of 
the reaction is wrong? 
(a) It may be either whole number or fractional 
(b) It is calculated from the reaction mechanism 
( c) It depends on the rate determining step 
(d) It is number of molecules of reactants taking part in a 

single step chemical reaction 
72. For the reaction, H2 (g ) + Br2 (g) ---j 2HBr(g), the reaction 

rate is: 

rate == k[H2 ] [Br2t 2 

Which one of the following statements is true for this 
reaction? 
(a) The reaction is of second order 
(b) The molecularity of the reaction is 3/2 
(c) The unit of k is sec-1 

(d) The molecularity of the reaction is two 
73. Molecularity of the reaction: 

(a) is always a whole number 
(b) is never a whole number 
(c) can have a fractional value 
(d) can be zero 

74. For a single step reaction, A + 2B Products, the 

molecuiarity is: 
(a). zero (b) three (c) two (d) one 

75. The hypothetical reaction, A z + B2 ----72AB, follows the 
following mechanism: 

A2 A + A (fast) 
A + B2 ~ AB + B (slow) 
A + B ~ AB (fast) 

The order of the overall reaction is: IPMT (Pb.) 19911 
(a) zero (b) 1 (c) 2 (d) 3/2 

76. The molecularity of a reaction is: 
(a) same as its order 
(b) different from order 
(c) may be same or different as compared to order 

(d) always zero 
77. The chemical reaction, 203 ----7 302 proceeds as follows: 

0 3 ~ O2 + 0 (fast) 
0+ 0 3 ~ 202 (slow) 

The rate law expression should be: 

(a) r k[03]2 (b) r== k[03f[Ozr I 

(c) r k[03][02] (d) r [03 ][02]2 

[Hint: r k'[03][0] k'kllf~:i[03] k[Od[Ozr 1
] 

78. Time required to decompose half of the substance for nth 
order reaction is inverse1y proportional to: 

(a)'a"+ I (b) a"-I 

(c) an 2 (d) an 

79. What is the order of the reaction which obeys the expression 
1 

11/2 =-? 
ka 

(a) Zero (b) Third 

. (c) First . (d) Second 
80. ·The order of reaction can be deduced from: 

(a) experiment \ (b) chemical equation 
(c) rate constant ' (d) thermochemical equations 

81. The order of a reaction may be determined by: . 
(a) differential method (b) initial rfte method 
(c) graphical method (d) all of these . 

82. A graph between time (t ) and the substance. consumed at any 

time is found to be a straight line passing through the origin. 
This indicates that the reaction is of: 
(a) second order (b) first order. 
(c) zero order (d) fractional order 

83. A plot of log (a - x) against time' t' is a straight line. This 
indicates that the reaction is of: 
(a) zero order (b) first order 
(c) second order (d) third order 

1 
84. For the reaction N20S(g)--t 2N02 (g) + "2 O2 (g1 the 

value of nite of disappearance ofN20 s is given as 6.25 xl 0-3 

mol . The rate of formation of N02 and O2 is given 

respectively as:·' [eBSE (PMT) 2ihOi 
(a) 6.25 x 10-3 mol CiS-I and 6.25 x JO-3mol L-1s-1 

(b) L25xlO-2 moIL-1s-1 and 3.125 x 10-3 mol L-1s-1 

(c) 6.25 x 10-:3 mol L-1s-1 aIid3.125x 10-3 mol . 
(d) 1.25 x 10-2 mol L-1s-1 and 6.25>< 10-3 mol L-1s-1 

[Hint: -d[Nz0 5 1 +! d[NP5] +2d[0 2] 
dt 2dt dt 

'd[N20 5] == 2{-d[NP51} = 2x6.25xlO-3 
dt .. dt 

== L25 x 1O-2mol L-1g-1 

d[02] ==!{ -d[N20s1} =! x 6.25 X 10-3 

dt 2 dt 2 

== 3.125 x 1O-3mol L-1g-1 ] 

85. The ratio of the time required for ~th of the reaction of ·first 

order to complete to that required for half ofthe reaction: 
(a) 4: 3 (b) 3: 2 
(c) 2: 1 (d) 1 : 2 

86. In pseudo-unimolecular reactions: 
. (a) one ofthe reactants is.present in large excess 

(b) both the reactants have same concentration 
(c) both the reactants.are present in low concentration 
(d) one of the reactants is less reactive 
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87. The reaction, 

2N20 5(g) 4NOz(g) + °2(g), 

is first order with respect to N20 5 . Which of the following 
graph, would yield a straight line? 

(a) log (PN
2
0

S 
) versus time ~ith -ve slope 

(b) (PN
2
0

S 
rl versus time 

(c) (PN
2
0

S
) versus time 

(d) log (PNzOs ) versus time with +ve slope 
88. Consider the following statements: 

(i) increase in concentration of reactant increases the rate of a 
zero order reaction 

(ii) rate constant k is equal to collisionfrequency , A' if Eo 0 

(iii) rate constant k is equal to collision frequency A if Ea 00 

(iv) log e k vs T is a straight line . 

(v) loge k vs II T is a straight line 
Correct statement are: [PMT (Kcrala) 2010] 
(a) (1) and (iv) (b) (ii) and (v) . 

(c) (iii) and (iv) (d) (ii) and (iii) 
(e) (i) and (v) 

1 . 
89. Ifwe plot a graph between log k and T by Arrhenius equation, 

the slope is: 

(a) -EaIR 

IEAMCET (Engg.) 20101 

(c) (d) Ea· 
2.303R + 2.303R 

90. The rate of the reaction, 
CC13CHO + NO CHC13 + NO + CO, 

is given by the equation, rate = k[CCI3CHO][NO]. If 
concentration is expressed in moll litre, the units of k are: 
. [PMT (MP) 19931 
(a) mol-2 L2 S-I (b) mol S-I 

(c) L mo.-I S-I (d) S-I 

91. In a reaction, 24 + B ---; A2B, the reactant A will disappear 

at: !PMT (MP) 19931 
(a) half the rate that B will decrease 
(b) twice the rate that B will decrease 
(c) the same rate that B will decrease 
(d) the same rate that A2B will form 

92. The rate of the reaction, 2NO + 02 ---; 2N02, at 25°C is 

0.028 mol L- I s -l. The experimental rate is given by 

r= k[NO]2[OZ] 

If the initial concentrations of the reactants are O2 = 0.040 . 
mol and NO = 0.0 I mol , the rate constant of the 

reaction is: 
(a) 7.0 x 10-2 L morl 

(c) 7.0 X 102 LZ mor2 S-I (d) 7.0 x 103 L2 mol-z s-l 

[Hint: 0.028 k[0.01Y[0.040]] 

93. For the reaction, 
2NO + Cl2 2NOCI , 

the following mechanism has been proposed. 
NO + Clz NOCl2 

NOClz + NO ---; 2NOCI 
The rate law for the reaction is: 

(fast) 
(slow) 

(a) rate k[NOf[Clz] 

(c) rate = k[NOClz] . 

(b) rate = k[NO] [CI2 ] 2 

(d) rate = k[NOCI] 2 

[Hint: 
rate = k' [NO)[NOClz ] k' K[NO][NO][Clzl k[NO:rrCI2 ]l 

94. The rate of a reaction can be increased in general by all the 
following factors except: 
(a) by increasing the temperature 
(b) using a suitable catalyst 
(c) by increasing the concentration of reactants 
(d) by an increase in activation energy 

95. How will the rate r k[802 ][Oz] of reaction, 

2S02 + 02 -----72S03 , 

change if the volume of the reaction vessel is tripled? 

(a) It will be '!rd of its initial value . 3 

(b) It will be 3 times of its initial value 
(c) Jt will be 9 times of its initial value 

(d) It will be .!th of its initial value 
. 9 

.. 96. Radioactive disintegration is an example of: 
(a) zero order reaction (b) first order reaction 
(c) second order reaction (d) third order reaction 

97. In . the formation of sulphur trioxide by the contact process, 
. 2802 + O2 2803' the rate of reaction was measured as 

d[02] 3.0x 10-4 mol L-I S·-I. 

dt 
The rate of reaction expressed in terms of 803 will be: 

(a) 3.0 x 10-4 mol (b) 6.0 x 10-4 mol S-I 

(c) 1.5 X 10-4 mol L- I S-I (d) 4.5 x 10-4 mol L- I S-I 

98. The rate constant for a first order reaction is 6.909 min -I. 
Therefore, the time required in minutes for the participation of 
75% of the initial reactant is: (PET (J&K) 2009) 

2 2 3 3 
W-~2 ~-~4 W-~2 ~ ~4 

3 . 3 2 2 
99. For the reaction, . 

A + 2B -----7C + D, d[A] k[A][BJ2 
dt 

. the expression for d[B] will be: 
dt 

(a) 2k[A ][Bf (b) .! k[A ][B]2 
2 

(c) k[A][Bf (d) k[A][BI2f 

100. Which of the following statements is not correct for the 
reaction, 

4A + B 2C + 2D? 
(a) The rate of appearance of C is one-half the rate of 

disappearance of B 
(b) The rate of disappearance of B is one-fourth ofthe rate of 

disappearance of A 

(c) The rate of formation of D is one-half of the rate of 
consumption of A 

(d) The rates offormation ofC and D are equal 
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101. The overall rate of a reaction is governed by: 
(a) the rate of the fastest intermediate step 
(b) the sum total of the rates of all the intermediate steps 
(c) the average of the rates of all the intermediate steps 
(d) the rate of the slowest intermediate step 

102. The rate constant of a reaction does not depend upon: 
(a) temperature 
(b) activation energy 
(c) catalyst 
(d) concentration of reactants and products 

103. The half-life period of a first order chemical reaction is 6.93 
minutes. The time required for the completion of 99% of the 
chemical reaction will be: (log 2::::: 0.301) (AIEEE 2(09) 
(a) 230.3 minutes (b) 23.03 minutes 
(c) 46.06 minutes (d) 460.6 minutes 

104. For the chemical reaction x ~ y, it is found that the rate of 

reaction increases 2.25 times when the concentration of x is 
increased 1.5 times. What is the order ofreaction? 
(a) One (b) Two (c) Three (d) Zero 
[Hint: r = k[x t and 2.25r = k[1.5x r 
So, 2.25 = (1.5t or a = 2] 

105. The halflife period of a reaction is constant for: 
(a) zero order (b) first order 
(c) second order (d) none ofthese 

106. From different sets of data of tl12 at different initial 

,?oncentrations say 'a' for a given reaction, the [11/2 X a] is 
found to be constant. The order of reaction is: 
(a) zero (b) I (c) 2 (d) 3 

107. Diazonium salt decomposes as 
C6Hs~C1- ~ C6HsCI + N2· 

At O°C, the evolution ofN2 becomes two times faster when the 
initial concentration of the salt is doubled. Therefore, it is: 

(a) a first order' reaction 
(b) a second order reaction 

(\IL\R i94 -i} 

(c) independent of the initial concentration of the salt 
(d) a zero order reaction 

108. For the reaction, N2(g)+3H2(g)~2NH3(g), under 

certain conditions of temperature and pressure of the reactants, 
the rate offormation of ammonia is 0.001 kg hr- I

. The rate of 
consumption of hydrogen under the same conditions is ...... kg 
hr- I . 

(a) 0.001 (b) 0.003 (c) 0.002 (d) 0.0015 
109. The rate constant, the activation energy and the Arrhenius 

parameter of a chemical reaction at 25°C are 3.0 x 10-4 

104.4 kJ mor l and 6.0 x 1014 
S-I respectively. The value of . 

rate constant at T ~ 00 is: 
(a) 2.0xlOI8 s-J 

( c) infinity 

110. In the reaction 

(b) 6.0 x 1014 S-I 

(d) 3.6xW30s-1 

(iIT 1996) 

BrO'3(aq.}+ 5Br-(aq.)+ 6ft' ~3Br2(l}+ 3H20(l} 

The rate of appearance of bromine (Br2 ) is related to rate of 
disappearance of bromide ions as following: 

!CBSE. (Pi\1T) 200(11 

Ill. 

112. 

113. 

(a) (b) d[Br2J _~ d[Br J 
dt 5 dt dt 5 dt 

(d) 
5 d[Br-] 

:::::+----
dt 3 dt 

(c) 
dt 3 dt 

Given that k is the rate constant for some order of any reaction 
at temp. T, then the value of lim log k, (where, A is the 
Arrhenius constant) is: T -> = 

(a) A /2.303 (b) A (c) 2.303A (d) togA 
The curve depicts the change in 
concentration of species X and 

. Y as a function of time. The 
point of intersection of the two 
curves represents: 
(a) 1112 

(b) t3/4 . 

(c) t2l3 
(d) data insufficient to predict 

,g X 
~ 
'E 

~ 
8 
"--'--------

lime-

In gaseous reactions, important for the understanding of the
upper atmosphere H20 and 0 react bimolecularly to form two 
OH radicals. Mf for this reaction is 72 kJ at 500 K and Ea is 
77 kJ mol-I; then for the bimolecular recombination of two 

OH radicals to form H20 and 0 is: 
(a) 3 kJ mor l (b) 4 kJ mol-I 

(c)'5kJrnol-1 (d) 7kJmol- 1 

114. From the following data, the activation energy for the reaction 
(cal/mol) is: 

115. 

'. 

116. 

117. 

(a)4xl04 

(c) 8x 104 

(b) 2x 104 

(d) 3 \104 

The hydrolysis of an ester was carried out separately with-
0.05 NHCl and 0.05 NH2S04 . Which of the following will be 
true? 
(a) k HC1 >kH2S04 (b) kH2S04 >kHCI 

(c) KH 2S04 = 2kHC1 (d) kH2S04 = k HCI 
For an endothermic reaction, where, Mf represents the 
enth'ilJpy of the reaction in kJ/mol, the minimum value for the 
energy of activation will be: 
(a) less than Mf (b) zero 
(c) more than Mf (d) equal to Mf 
In the following first order competing reactions; 

A + Reagent Product 
B + Reagent Product 

. The ratio of kl / k2 if onfy 50% of B will have been reacted 
when 94% of A has been reacted is: 
(a) 4.06 (b) 3.06 
(c) 2.06 (d) 0.06 

118 •. Two reactions A Products and B ~ Products, have rate 

constants k,4 and kB at temperature T and activation energies 
EA and EB respectively. If kA > kB and EA < EB and 
assuming that A for both the reactions is same, then: 
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(a) at higher temperatures k A will. be greater than kB 
(b) at lower temperatures k A and kB will be close to each 

other in magnitude 
(c) as temperature rises, k A and kB will be close to each other 

in magnitude 
(d) at lower temperature kB > kA 

119. A substance undergoes first order decomposition. The 
decomposition follows two parallel first order reactions as: 

klB A< kl = 1.26 X 10-4 S-l and k2 = 3.8 X 10-5 
S-l 

k2 C 

The percentage distributions of Band Care: 
(a) 80%B and 20%C (b) 76.83% B and 23.17% C 
(c) 90% Band 10% C (d) 60% B and 40% C 

120. Inversion of a sugar follows first order rate equation which can 
be followed by noting the change in rotation of the plane of 
polarisation of light in a polarimeter. If 1:", li and '0 are the 
fotations at t = 00, t = t and t = 0, then first order reaction can 
be written as: 

(a) k = ~ loge li - r= (b) k = ~ loge 10 - I';,., 
t '0-1';,., t li-ro 

(c) k ~ loge r~ - '0 (d) k = ~ loge 1:" -li 
t r~-li t r~-rO 

121. Rate ofa chemical reaction can be kept constant by: 

(a) stirring the compounds 
(b) keeping the temperature constant 
(c) both (a) and (b) 

. (d) none of the above 

(BHU 1993) 

122. The number of molecules of the reactants taking part ·in a 
single step of the reaction tells about: (AMU 1992) 
(a) molecularity of the reaction 
(b) mechanism of the reaction 
(c) order of reaction 
Cd) all of the above 

123. Number of moles of a substance present in 1 litre volume is 
known as: [PMT (MP) 1993) 
(a) activity (b) molar concentration 
(c) active mass Cd) none of these 

124. The inversion of cane sugar into glucose and fructose is: 
Ca) I order (b) II order (c) III order (d) zero order 

125. The unit of rate constant obeying the rate expression 
r k[AnBf!3 is: 

126. 

(a) mol-213 litre2f3t irne:"I 

(c) mol-513 litreSl3 time-I 

For the reaction, 

(b) moI2!3litre-2f3 tirne- I 

(d) none of these 

N20 S ---? 2N02 + 11202, 

- d[N20 S ] ='k [N ° ] 
dt 1 2 5 

d[N02 ]=k[NO ] 
dt 2 2 5 

d[02] ~ k [N 0 ] 
dt 3 2 S 

The relation in betWeen ki , k2 and k3 is: 

(a) 2kl k2 4k3 (b) kl = k2 = k3 
(c) 2kl 4k2 k3 (d) none of these 

127. The rate constant is numerically the same for three reactions of 
first, second and third order respectively. Which one is true for 
the rates of the three reactions if the concentration of the 
reactant is than 1 M? 

(a) l'j 12 r3 (b) l'j > 12 > '3 
(c) l'j < 12 < 13 (d) All of these 

128. In the Q.No. 127, if the concentration of the reactant is less 
than 1 M, then: 

(a) l'j = 12 13 (b) l'j > 12 > 13 
(c) l'j < 12 < lj (d) all of these 

129. In the Q.No. 127, if the concentration of the reactant is 1 M, 
then: 

(a) l'j 12 13 (b) l'j >·rz > 13 
(c) 11 < r2 < 13 (d) all of these 

130. For a first order reaction, A ---t Product, the rate of reaction 
at[A] O.2mol L-1 is l.Ox 10-2 mol min-I. The halflife 
period for the reaction is: (liT 1999) 
(a) 832s (b) 440s (cl416s. (d) 14 s 

131. The rate constant of a first order reaction, A ---t Products, is 
60x 10-4 min -I. Its rate at [A] 0.01 mol would be:. 

(lIT 1997) 
(a) 60x 10-6 mol (b) 36x 10-4 mol L-1 min-I 

(c) 60 x 10-2 mol 36 x 10-1 mol L:"! min-I 

132. For.a first order reaction, the half life is independent of: . 
(CBSE 1999) 

(a) initial concentration 
(b) cube root of initial concentration 
(c) first power of final concentration 
(d) square root of final concentration 

133. Activation energy of a chemical reaction can be determined 
by: (CBSE 1998) 
(a) changing concentration of reactants 
(b) evaluating rate constant at standard temperature 
(c) evaluating rate constants at two different temperatures 
(d) evaluating velocities of reaction at two different tempera

tures 
134. The experimenta~ d~ta for the reaction 2A + B2 ~ 2AB, is: 

EIpt.No. 

1. 

2. 

3. 

(A) 

0.50 

0.50 

1.0 

• .ad 
0.50 

1.00 

l.00 

"("'S-I) 

1.6 x 10-4 

3.2 X 10-4 

3.2 X 10-4 

The tate equation for the above data is: (CBSE 1997) 

(a) rate = k[B2f (b) r.ate k[B2J 

(c) rate k[Af[Bf (d) rate k[Af[B] 

135. For the reaction A ~ B, the rate law is: rate k[A]. Whichof 

the following statements is incorrect? IPMT (Ph.) 19981 
(a) The reaction follows first order kinetics 
(b) The of the reaction depends on initial concentration 
(c) k is constant for the reaction at a constant temperature 
(d) The rate law provides a simple way of predicting the con

centration of reactants at any time after the start of the re
action 
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136. Cyclopropane rearranges to fonn propene: 

!J,.---'t CH3 CH CH2 

This follows first order kinetics. The rate constant is 
2.714 X lO-3 sec-I. The initial concentration of cyclopropane is 
0.29 M. What will be, the concentration of cyclopropane after 
100 sec? IJEE (Orissa) 2009] 

(a) 0.035 M 
(c) 0.145 M 

(b) 0.22 M 
(d) 0.0018 M 

137. The rate constantfor the reaction, 
1 

N20S(g)~ 2N02(g)+ 2 02 (g), 

is 2.3 x 10-2 sec-I. Which equation given below describes the 

change of[N20 s] with time [N20 s1o and [N20 S] t correspond 
to concentration ofN20 s initially and time 't'?(AIlMS 2004) 

(a) [N20 S ]o =[N20 s1 it 

(b) loge [N20 S ]0 = kt 
[N20 S], 

(c) ioglQ [N20S]/ = log 10 [N20sJo kt 

(d) [N20S]/ = [N20S]O + kt 

138. The reaction, X ~ Y (Product) follows first order kinetics. 

, In 40 minutes, the concentration of X changes from 0.1 M to 
0.025 M, then the rate of reaction when concentration of X. is 
0.0 I M is: lilT (S) 20041 
(a) 1.73xlO-4 M/min (b) 3.47xlO-s M/rnin 

(c) 3.47 x 10-4 M/min (d) 1.73 x 10-5 M/rnin 

139. In a first order reaction, the concentration of the reactant, 
decreases from 0.8 M to 0.4 Min 15 minutes. The time taken 
for the concentration to change from 0.1 M to 0.025 Mis: 

(a) 30 min (b) 15 min (c) 7.5 min (d) 60 min 
140. A substance undergoes first order decomposition. The 

decomposition follows two parallel first order reactions as; 

A<kl B k] = 1.26 X 10-4 sec-I 

k C k2 3.8 X 10-5 sec-] 
2 

The percentage distribution of Band Care: 
IPMT (Kerala) 2004) 

(a) 75% Band 25% C (b) 80% Band 20% C 

(c) 60% Band 40% C (d) 90% B and 10% C 

(e) 76.83%Band23.l7%C 

]41. For a reaction 2NH3 N2 + 3H2, it is observed that 

.:...d(NH3) = k (NH ), d(N2 ) k (NH ), d(H2 ) =: k (NH ). 
dt I 3 dt 2 3 dt 3 3 

What is the relation between k] , k2 and k3 ? 

~"~'~l '" k2 =: k3 (b) 3k! 6k2 =: 2k3 
(c) 2k! =: l,k =: 6k3 (d) 6k1 3k2 =: 2k3 

142. In Arrhenius equdti<)n k =: i RT, factor e - Ea ! RT is known 

as: 

(a) frequency factor (b) activation factor 
(c) pre-exponential factor (d) Boltzmann factor 

] 43. Unit of frequency factor (A ) is: 

(a) moles/lit (b) moles/lit/sec 
(c) depends upon order (d) no unit 

144. For the reaction A + B C + D, the variation of the 

concentration of the products is given by the curve: 

t 
c:: o 
~ 
'E 
(l) 
o c:: o 
Q 

w 

""'-----~-""-

Time-

(a) x (b) y (c) z , (d) 111 

145. Which graph shows zero activation energy? 

(a)l~ (b)l~ 
Reaction- Reaction-

(c)l~ 
Reaction-

]46. EThreshold can never be: 

(a) > ER (b) > Ep 
(c) < Ep (d) > ER as well as > 

147. A reaction takes place in three steps; the rate constants are 

k], k2 and k3. The overall rate constant k =: k]k3 . If energies 
k2 

of activation are 40, 30 and 20 kJ, the overall energy of 
activation is: 
(a) 10 (b) 15 (c) 30 (d) 60 

148. For hypothetical reaction A ~ B takes place according to 
k2 

A C, A +C~D(slow) 

Rate. law will be: 

(a) k2[A][C] (b) k]k2[A] (c) k,k2[A]2 (d) klk2[AJ[C] 

149. If concentration of reactant is 'increased by .om'; then k 
becomes: 
(a) ek!m, (b) k (c) k/ m (d) mk 

150. aA + bB ~ P; dx/ dt k[At . [Bt If conc. of A is 

doubled, rate is doubled. If B is doubled, rate becomes four 
times. Which is correct? 

(a) -d[A] =: 

dt dt 

(c) -2d[A] 
dt dt 

(b) -d[A]::=_-"---,, 
dt dt 

(d) None of these 
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151. A drop of solution (volume 0.05 mL) contains 3 x 10-6 mole of 

W. If the rate constant of disappearance ofH+ is 107 mol litre-1 

sec-I, how long would it take for W in the drop tel disappear? 

(a) 6 x 10-8 sec (b) 6 x 10-9 sec 

(c) 6 X 10-10 sec (d) 6 x 10-12 sec 

152. For the reaction, Hz + lz 2Hl. The rate law expression 

is: 

(a) - - -- :::: kl [H2 ][I2 ] 
[ 

1 d[RI]] 
2 dt 

(b) [_ I = --'-''---''-_ 
2 dt . k2[H2 ][12 ]/ 

(c) [- ~ d[RI]] k1[H2 1[12 ]- k2[RIf 
2 dt ' 

(d) [- ~ d[RI]] = kl k2 [H, 1fT,] 
2 dt .. 

153: The chemical reaction, 203 ,~ 302 proceeds as; 

0 3 ~ 02 + ° (fast), 0+ 0 3 --72°2 (slow) 
The rate law expression will be: 
(a) rate:::: k[O][03] (b) rate = k[03f 

, (c) rate:::: k[03f[02r1 (d) can't be determined 

154. For the reaction NH~ + OCN ~ NH2CONHZ' the 

probable mechanism is, NH: + OCN ~ NH40CN (fast) 

and NH40CN ~ NH1CONH2 (slow) 
The rate law will be: 
(a) rate:::: k[NH2CONH2 ] (b) rate:::: k[NH4t[OCNr 

(c) rate k[NH4 OCN] (d) none of these 
155. For a 1st order' decomposition, 

kn ~'l I 
An~A 

k2 
A2 

overall k will be given by: 
(a) k kl + k2 + ... + kn (b) k= (k1 + k2 + .... + kll)ln 
(c) k kl X k2 x ... X kll (d) none of these 

156. For a reaction A + 3B --7 P, Rate:::: , the expression for 
dt 

the'rate of reaction in terms of change in the concentration of 

B, -d[B] will be: 
dt 

(a) k[A]2[B] 

(c) 3k[Af[B] 

I 
. (b) k[A f[3B] 

(d) (~)k[A]2[B] 

157. Which ofthe following statements is correct? 
. 'T-

(a) Rate of reaction oc 

Eo 
(b) At lower temp., increase in temp. causes more change in 

the value of k 
(c) Both (a) and (b) are correct 
(d) None is correct 

158. ForX--7Y;k 10IOe-500IT,andforW--7Z;k 1012 e-IOOO!T 

at what temperature 'T' both reactions will have same value of 
k? 

(a) 500 K 

(c) 4.606 K 
500 

(b) 1500 K 

(d) 2.303 K 
5000 

159. For a reversible reaction where the forward reaction is 
exothermic, which of the following statements is correct? 

{JEE (WB) 20101 

(a) The backward reaction has higher activation energy than 
the forward reaction 

(b). The backward and the forward processes have same 
activation energy 

(c) The backward reaction has lower activation energy 

(d) No activation energy is required at all since energy is 
liberated in the process 

160. For the reaction, A + 3B ---7 2C + D 

which one of the following is not correct? 
!EA;\,ICET (;vIed.) 2010j 

( a) Rate of disappearance of A = Rate of formation of D 

(b) Rate of formation of C :::: ~ x Rate of disappearance of B 
. 3, 

(c) Rate off ormation of D = ~ x Rate of disappearance of B 
3 

(d) Rate of disappearance of A :::: 2 x Rate of formation of C 
161. 2A ~ B + C, would be a zero order reaction when: 

!ellSE (PMT) 20021 
(a) the rate of reaction is proportional to square of concentra

tion of' A' 
, (b) the rate of reaction is same at any concentration of 'A' 

(c) the rate remains unchanged at any concentration of 'B' and 
'c' 

(d) the rate of reaction doubles if concentration of 'B' is 
increased to double 

162. Units of rate constants for first and zero order reactions in 
, terms of molarity M unit are respectively: (AIEEE Z002} 

Ca) sec-I, M ~C-l (b) sec-I, M 

(c) M sec-I ,sec-I (d) M,sec- I 

163. Following is the graph between log tll2 and log a (a = initial 

concentration) for a given reaction at 27°e. Hence, order is: 

i 
log tl/2 

45° 

loga--

(a) 0 (b) 1 (c) 2 Cd) 3 

164. Following is the graph between (a - xrl and time t for 

second order reaction. 8 tan-I (1/ 2);OA 2 L mor l
, hence 

rate at the start of reaction will be: 
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(a) 1.25 Lmol- I min- I 

(c) 0.125 mol L-1 min-I 

(b) 0.5 mol L-1 min- I 

(d) 1.25 mol L-1 min- I 

165. Graph between concentration of the product' x' and time' t' for 
A -7 B is given ahead: 

i 
t-

The graph between - d[A] and time wil1 be of the type: 
dt 

(a) 
d[A) 

---at 
(b) 

d[A) / 
---at 

t- t-

(d) _d[A)~ 
dt 

I 

(c) 

t- t-

166. Consider the chemical reaction, 
N 2(g) + 3H2(g) ----7 2NH3(g) 

The rate of reaction can be expressed in terms of time 
derivative of concentration of N2 (g ), H2 (g) or NH3 (g ) . 
Identify the correct relationship amongst the rate expressions: 

(I1T2002) 

(a) rate = _ d[N2] = _ ~ d[H2] = + ~ d[NH3] 
dt 3 dt 2 dt 

(b) rate';'; - d[N2] = _ 3 d[H2] = + 2 d[NH3] 
dt dt dt 

(c) rate = d[N21 = ~ d[H2] = ~ d[NH3] 
dt 3 dt 2 dt 

(d) rate = _ d[N2] = _ d[H2] = d[NH3] 
dt dt dt 

167. For the reaction, 

Nz(g) + 3H2(g)-----72NH3(g), if 

.:~~ffi, 1 = 2 x 10-4 mol L-1s -I, the value "f -d[H2] would be: 
~ ~ ) 

rCBSE (PMT) 2009J 

(a) I x 10-4 mol L-1s-1 

(c) 4 X 10-4 mol L-1s-1 
(b) 3 x 10-4 mol L-1s-1 

(d) 6 x 10-4 mol L-1s-1 

168. Temperature dependent equation can be written as: 
[JEE (Orissa) 2005J 

(a) In k = In A - eEalRT (b) In k = In A + eEalRT 

(c) In k = In A - eRTIEa (d) all of these 

169. If the rate of reaction A -----t B doubles on increasing the 

concentration of A by 4 times, the order of reaction is: 
fCET (J&K) 2005] 

(a) 2 (b) 1 (c) 112 (d) 4 
170. For the reaction: 2N20 5 (g) -----t 4N02 (g) + O2 (g) if the 

concentration of N02 increases by 5.2 x 10-3 M in 100 sec, 

then the rate of reaction is: WET (Kcrala) 20051 
(a) 1.3 x 10-5 M S-I (b) 5 x 10-4 M S-I 

(c) 7.6 X 10-4 M S-I (d) 2 x 10-3 M S-I 

(e) 2.5 x 10-5 M S-I 

171. A first order reaction is 10% complete in 20 min. The time 

172. 

taken for 19% completion is: fPET (Kerala) 2005] 
(a) 30 min (b) 40'min (c) 50 min (d)38 min 
(e) 45 min 
An endothermic reaction with high activation energy for the 
forward reaction is given by the diagram: (AIIMS 20(5) 

t ~p t 1\p Potential Potential 
energy energy 

Reaction - Reaction -+ 
coordinate coordinate 

(a) (b) 

t 1 P t pP Potential Potential 
energy energy 

Reaction .- Reaction -+ 
coordinate coordinate 

(c) (d) 

173. For reaction aA -----t xP, when [A] =; 2.2 m-M, the rate was 

found to be 2.4 m M S-I. On reducing concentration of A to 
half, the rate changes to 0.6 m M s -I. The order of reaction 
with respect to A is: (AJIMS 20(5) 
(a) 1.5 (b) 2.0 (c) 2.5 (d) 3.0 

[Hint: Rate = k [A]a 

2.4 = k [2.2 t ... (i) 
0.6 = k [l.it ... (ii) 

Dividing eq. (i) by eq. (ii), a = 2 :. order = 2] 

174. According to the law of mass action, rate of a chemical 
reaction is proportional to: (AFMC 2005) 
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(a) concentration of reactants 
(b) molar concentration of reactants 
(c) concentration of products 
(d) molar concentration of products 

175. Consider the endothermic reaction X ~ Y with the activation 

energies Eb and for backward and forward reactions, 
respectively. In general: (AIEEE lOGS) 

(a) < E f 
(b)Eb > Ef 
(c)Eb::: Ef 
(d) there is no definite relation between Er and Eb 

176. Which one of the following statements for order of reaction is 
not correct? lIlT (S) 2{)05] 

(a) Order can be determined experimentally 
(b) Order of reaction is equal to sum of powers of 

concentration terms in differeIl.tial rate law "-
(c) It is not affected by the stoichiometric coefficient-or-the 

reactants 
(d) Order cannot be fractional 

177. The rate constant of a reaction is found to be 3 x 10-3 mol L-1 

178. 

179. 

min -1. The order of the reaction is: 

(a) zero (b) I (c) 2 
leET P&K) 20061 

(d) 1.5 
[Hint: Unit of rate 'and rate constants are same for zero order 
reaction.] 
In the first order reaction, the concentration of the reactants is 
reduced to 25% in one hour. The half life period ofthe reaction 
is: jUGET (Manipal) 20051 
(a) 2 hrs (b) 4 hrs (c) 112 hr (d) 114 hr 

[Hint: k = 2.303 log (_a_J 
t a x 

k 2.303 10 (1001 2 x 0.693 
1 g 25) 

0.693 0.693 

k 2 x 0.693 
.!. hr] 
2 

A substance reacts with initial concentration of a mol dm-] 
according to zero order kinetics. The time it takes for the 
completion of the reaction is: (k rate constant) 

(a) k 
a' 

(e) ka 
[Hint: 

(b) a 
2k 

x = k x t 

x 

k 

CET (Karnataka) 20091 

(c) a (d) 2k 
k a 

. Time for completion of reaction (when x a), i.e., t = * ] 
180. Rate of a reaction can be expressed by Arrhenius equation as, 

'k A -EIRT I tho . E ' = e . n IS equatIOn, represents: ",\1Ftl': 20(6) 

(a) the energy above which all the colliding molecules will 
react 

(b) the energy below which colliding molecules will not react 
(c) the total energy of the reacting molecules at a temperature T 
(d) the fraction of molecules with energy greater than the 

activation energy of the reaction 

181. The rate constant of a first order reaction at 27°C is 10-3 min -I. 

The temperature coefficient of this reaction is 2. What is the rate 
constant (in min -I) at 17°C for this reaction? 

;~T 2006\ 
(a) 10-3 (b) 5 x 10-4 (c) 2 X 10-3 (d) 10-2 ' 

[Hint: 

(Il )10110 2 
kTl 

10-3 

ky; = - 0.5 X 10-3 

1 2 

= 5 X 10-4 min-I] 

182. In a chemical reaction, two reactants take part. The rate of 
reaction is directly proportional to the concentration of one of 
them and inversely proportional to the concentration of the 
other. The order of the reaction is: . [PMT (Raj.) 2G06j 
(a) zero (b) 1 (c) 2 ' (d) 4 ' 

183. According to Arrhenius equation, the rate constant (k ) is 

related to temperature (T ) as: 

(
k\ (IIJ (a) In --.£) = - -
k[ R, 11 12, 

(b) lnl --.£ =- --ikJ rllJ 
\ kJ R ,,11 T2 

(c) In [ k2 J = '( I + I J 
kl R 11 T2 

(d) In ( :~ J = R ( ~ + ~ J 
184. Consider a reaction aG + bH Products. When 

concentration of both the reactants G and H are doubled, the 
rate increases by eight times. However, when the 
concentration of G is doubled keeping the concentration of H 
fixed, the rate is doubled. The overall order of reaction is: 

(HT 200'7) 
(a) 0 (b) I (c) 2 (d) 3 
[Hint: Order with respect to 'G' will two and with respect to 

. , H' the order will be one. 
Rate = k [G]2 [H] 1 

When concentration of both G and H are doubled, the rate will 
increase eight times.] 

185. The temperature dependence of rate constant (k) of a 

chemical reaction is written in terms of Arrhenius equation 
k = Ae - Ea I RT. Activation energy (Ea ) of the reaction can be 

calculated by plotting: .\is.. :. n 
I I 

(a) log k vs T(b) log k vs (c) k vs T (d) k vs--
T log T 

186. Consider the reaction, 2A + B Products. When 

concentration of B alone was doubled, the half life did not 
change. When the concentration of A alone was doubled, the 
rate increased by two times. The unit of rate constant for this 
reaction is: 
(a) S-I (b) L mol-1s-1 (c) unit less (d) mol 
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187. 

188. 

189. 

190. 

191. 

[Hint: Concentration change in 'B' does not change half life, it 
means the reaction is fIrst order with respect to B. When 
concentration of only' A' is doubled, the rate of reaction becomes 
double, thus order with respect to A will also be one. 

Overall order of reaction 2 
unit of rate constant'" L mol-Is- I

] 

In a fIrst order reaction A --,--------7 B, if k is rate constant and 

initial concentration of the reactant A is 0.5 M then halflife is: 

(a) 
k 

2 log 2 
(b) -

k.JUs 
(c) In 2 

k 

[CBSE (Med) 2007] 

(d) 0.693 
O.5k 

For the fIrst order reaction, halflife is 14 sec, the time required 
for the initial conceritration to reduce to 118 of its value is: 

[CET (J&K) 20071 
(a) (14)3 sec (b) 28 sec (c) 42 sec (d) (14lsec 

75% of a fIrst order reaction was completed in 32 min, when 
was 50% of the reaction completed? (BHU (Mains) 20071 
(a) 24 min (b) 16 min (c) 8 min (d) 48 min 
For a zero order reaction, 

A P 
t,X is: (k is rate constant) 

(a) (b) In 2 
2k k 

[BHU (Mains) 2007J 
1 d In 2 

(C)k[A]o () [Alok 

The rate constants kJ and k2 for two different reactions are 

1016 -20001T d hiS -IOOOIT· " e , an I v e , respectIvely. The temperature 

at which kl = k2 is : ICBSE (PMT) 2008J 

(a) 2000 K (b) 1000 K (c) 1000 K (d) 2000 K 
2.303 2.303 

[Hint: 1015 e-lOOOIT = 1016e-2000IT 

e-2000IT 1015 

, ,e- 1000lT 1016 

e - I000/T = 10- I 

loge e - )OOO/T = loge 10- 1 

1000 . _I 
T = 2.303 10glO 10 

2.303 

T = 1000 K] 
2.303 

192. Under the same reaction conditions, initial' concentration of 
1.386 mol dm - 3 of a substance becomes half in 40 seconds 
and 20 seconds through fIrst order and zero order kinetics 

respectiVely. Ratio ( :~) of the rate constant for fIrs.t o~der (kl ) . 

and zero order (ko) of the reactiOn is : (liT 2008) 
(a) 0.5 mol-I dm3 (b) I mol dm-3 

(c) 1.5 mol dm-3 (d) 2 mol-I dm3 

[H
' 0.693 
mt : tl/2 = tl12 = 

. kl ' 2ko 

40 = 0.693 20 = 1.386 = 0.693 
kl ' 2ko ko 

20 0.693/ ko = ~ 

40 0.693/ kl ko 

-I 

0.5 sec 1 3 0.5 mol- dm ] 
ko mol dm- 3 sec-I 

193~ The decomposition of HI on the surface of gold is : 
[Corned (Ktaroataka) 2008] 

(a) Pseudofrrst order (b) zero order 
(c) fIrst order (d) second order 

194. Consider following two reactions ' 

A ----7 Product, = k) [ A ]0 
dt . 

B ----7 Product, - 4[B] = k [B] 
dt 2. 0 

kr and k2 are expressed in terms of molarity (mol L- 1
) and 

time (S-I) as: (BHU (Mains) 20081 
(a)s-I,Ms-1L- 1 (b)M ,Ms-1 • 

'(c)s-I,M-Is- 1 (d)M, 

195. If a plot of log 10 C versus t gives a straight line for a given 

reaction, then the re~ction is : (VITEEE 2008f 
(a) zero order (b) fIrst order (c) second oder (d) third order 
[Hint: 

-
In first order reaction, 10glOC when plotted against time 't' then 

we get straight line, Slope of the line (2.~03) gives the value of 

rate constant.] 
196. For a zero order reaction the plot of concentration of reactant 

versus time is: (intercept refers to concentration axis) 
fPET (Kerala) 20081 

(a) linear with +ve slope ,and zero intercept 
(b) linear with -ve slope and zero intercept 
(c) linear with -ve slope and non zero intercept 
(d) linear with +ve slope and non zero intercept 
(e) a curve asymptotic to concentration axis 
[Hint: ' 

i 
c: o 

I L_'_, ______ .:....._ 

Tlme_ 

Linear with negative slope and non zero intercept.] 

197. Tso of flist order reaction is 10 min. Starting with 10 mol 

rate· after 20 IIiin is: (AIIMS 2008) 
(a) 0.0693 mol L- I min-! 
(b) 0.0693 x 2.5 mol L- I min-I 



578 G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS • 

(c) 0.0693 x 5 mol L- 1 min-I 
(d) 0.0693 x 10moi L- 1 min-I 

[Hint: Remaining concentration of reactant after 20 min 

= .!. x 10 = 2.5 mol L- I 

4 

Rate = k x [Reactant] 
0.693 

= -- x [Reactant] 
t1l2 

== 0.693 x 2.5 = 0.0693 x 2.5 mol L -1 min-I] 
lO 

198. For the decomposition of AB at 600 K, the following data 
were obtained 

0.20 

0040 

0.60 

Rate of deComposition of AB in 
mol dm-35-1 

2.75 x 10-8 

llx 10-8 

24.75 x 10-8 

The order of the decomposition of AB is : 
[eET (Karnataka) 2009) 

(a) 0 (b) I (c) 2 (d) 1.5 
199. For a reaction between A and B, the initial rate of reaction is 

measured for various initial concentrations of A and B. The, 
data provided are: (DeE 2009) 

EIp.No. 
"I ~ ." (A) (B) IaitiaI ractioa 

rate (mol L-ls -I) 

1. 0.2 M O.3M· 5 x 10-5 

2. 0.2M 0.1 M 5 x 10-5 

3. OAM 0.05M 7.5 x 10-5 

The overall order ofthe reaction is: (DeE 2009) 
(a) one (1) (b) two (2) 
(c) two and a half (2.5) (d) between 1 and 2 

200. For a first order reaction A ----7 P, the temperature (T) 

dependent rate con",ant (k )was found to follow the equation: 
1 

log k = -(2000)- + 6.0 
T 

The pre exponential factor A and the activation energy Ea 
respectively, are : (lIT 2009) 

(a) Ix 106 s-I and 9.2 kJ mol-1 

(b) 6 S-1 and 16.6 kJ mol-1 

(c) 1 x 106 S-l and 16.6 kJ morl 

(d) IxIQ6 s-I and 38.3 kJ morl 

[Hint: logk == 10glOA -~ xl 
'2.303 T 

Comparing this equation with the given equation we get, 
A == l(f S-I, Ea == 38.3 kJ morl 

] 

201. The time for half-life period of a certain reaction, 
A -} Product is I hour. When the initial concentration of the 
reactant' A' is 2 mol L-1• How much time does it take for its 
concentration to come from 0.50 to 0.25'moIL-1 ifit is a zero 
order reaction? (AIEEE 2010) 
(a) 0.25 h (b) 1 h (c) 4 h (d) 0.5 h 

[Hint: !l = [~ fl 
t2 all 

..!. = (0.5Y-1 
t2 \. 2 / 

t2 =0.25 h] 
202. Consider the reaction: 

CI2 {aq)+ H2S(aq) --} S(s)+ 2W (aq)+ 2cr (aq) 

The rate equation for this reaction is : 
Rate = k [CI2 ] [H2S] 

Which of these mechanisms is/are consistent with this rate 
equation? 
A. Cl2 + H2S ~ W + cr + CI+ + HS- (slow) 

CI+ + HS-~ W + CI- + S (fast) 

B. H2S~ U" +HS-

Clz +HS-~ 2CI- +W + S, 

. (b) Aonly 

(fast equilibrium) 

(slow) 

(AIEEE 2010) 
(a) neither A nor B 
(c) B only (d) both A and B 
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Assertion-Reason TYPE QUESTIONS 

rhe questions given below consist" of two statements each printed as 
'Assertion' (A) and 'Reason' (R). While answering these questions 
'ou are required to choose anyone .of the following four options: 

(a) If both (A) and (R) are correct and (R) is the correct 
explanation for (A). 

(b) Ifboth (A) and (R) are correct but (R) is not the correct 
explanation for (A). 

(c) If (A) is correct but (R) is incorrect. 
(d) If (A) is incorrect but (R) is correct. 

1. (A) The rate of reaction sometimes does not depend on con
centration. 

(R) The order of reaction can be negative. 
2. (A) The rate of reaction increases generally by 2 to 3 times for 

every 10°C rise in temperature. 
(R) Increase in temperature increases the collision frequency. 

3. (A) Hydrolysis of ethyl acetate in presence of acid is a reaction 
of first order whereas in presence of alkali, it is a reaction 
of second order. 

(R) Acid acts as catalyst only whereas alkali acts as one of the 
reactant. 

4. (A) The molecuhirity of the reaction, 

Hz + Br2 ~ 2HBr is 2. 
(R) The order of this reaction is 3/2. 

5. (A) Positive catalysts lower the activation energy of the reac
tion whereas heat of reaction remains same. 

(R) Heat of reaction is equal to the difference between activa
tion energies for forward and the backward reactions. 

6. (A) Positive catalysts increase the rate of reaction. 
(R) Catalysts decrease the value of 6.Go. 

7. (A) k IRT, the Arrhenius equation represents the de-
pendance of rate constant with temperature. . 

(R) Plot of log k against 11 T is linear. and the activation en
ergy can be calculated with this plot. 

8. (A) If the activation energy of a reaction is zero, temperature 
will have no effect on the rate constant. 

(R) Lower the activation energy, faster is the reaction. 
9. (A) Order with respect to any reactant or product can be zero, 

positive, negative and fractional. 
(R) Rate cannot decrease with increase in concentration of a 

reactant or product. 
10. (A) Formation of HI is a bimolecular reaction. 

(R) Two molecules of reactants are involved in this reaction. 
11. (A) The order ofthe reaction, 

CH3COOC2Hs + H20 ~ CH3COOH + C2HsOH 
is 2. 

(R) The molecularity of this reaction is 2. 
12. (A) For: aA + bB ~ Product. The order of the reaction is 

equal to (a + b). 

(R) Rate of reaction = k [At[Bt 

13. (A) The hydrolysis of methyl acetate by dil HCI is a pseudo 
first order reaction. 

(R) HCI acts as a catalyst for the hydrolysis. (AIIMS 2007) 
14. (A) The order of a reaction can have fractional value. 

(R) The order of a reaction cannot be written from balanced 
equation of a reaction. (AIIMS 2008) 
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[rl.'~ : OBJEOTIVE QUEStiONS 
' .. ~ " ,. 

_. ~., 0. ";",.. ': ::,.: "; 

1~ (e) 2. (d) 3. (b) 4. (b) 5. (a) 6. (a) 7. (e) 8. (d) 

. 9. (b) 10. (e) 11. (a) 12. (d) 13. (d) 14. (d) 15. (b) 16. (a) 

17. (e). 18. (e) 19. (b) 20. (b) 21. (e) 22. (a) 23. (a) 24. (d) 

25~ (e) 26. (d) 27. (a) 28. (b) 29. (d) 30. (d) 31. (d) 32. (b) 

33. (a) 34. (;1) 35. (b) 36. (e) 37. (d) 38. (d) 39. (a) 40. (e) 

4L (b) 42. (b) 43. (d) 44. (e) 45. (a) 46. (b) 47. (e) 48. (a) 

49. (d) 50. (b) 51. (e) 52. (d) 53. (a) 54. (b) 55. (d) 56. (e) 

57. (b) 58. (a) 59. (e) 60. (d) 61. (b) 62. (e) 63. (d) 64. (e) 

65. (a) 66. (d) 67. (e) 68. (b) 69. (e) 70. (e) 71. (a) 72. (d) 

73. (a) 74; (b) 75. (d) 76. (e) 77. (b) 78. (b) 79. (d) 80. (a) 

81. (d) 82. (c) 83. (b) 84. (b) 85. (e) 86. (a) 87. (a) 88. (b) 

89. (e) 90. (e) ?L (b) 92. (d) 93. (a) 94.' (d) 95. (d) 96. (b) 

97. (b) 98. (a) . 99. (a) 100. (a) 101. (d) 102. (d) 103. (e) 104. (b) 

105. (b) 106. (e) 107. (a) 108. (d) 109. (b) 110. (b) 111. (d) 112. (a) 

113. (c) - 114. (a) 115; (a) 116. (e) 117. (a) 118. (a, e) 119. (b) 120. (b) 

. 121. (b) 122. (a) 123. (e) 124. (a) 125. (a) 126. (a) 127. (e). 128. (b) 

129. (a) 130., (a) 131. (a) 132. (a) 133. (e) 134. (b) 135. (b) 136. (b) 

137. (b) 138. (e) 139. (a) 140. (e) 141. (e) '142. (d) 143. (b)' 144. (b) 

145. (e) 146. (e) 147. (e) 148. (e) ,149. (b) 150. (c) 151. (b) 152. (e), 

153. (e) 154. (b) 155. (a) 156. (e) 157. (e) 158. (e) 159. (a) 160. (d) 

161. (b) '162. (a) 163. (a) 164. (e) 165. (e) 166. (a) 167. (b) 168. (a) 

169. (e) 170., (a) . '171. (b) 172. (e) 173. (b) 174. (b) 175. (a) 176. (d) 

177. (a) 178. (e) 179. (e) 180. (b) 18t. (b) ]82. (a) 183. (a) 184. (d) 

185. (b) 186. (b) . 187. (e) 188. (e) 189. (b) . 190. (a) 191. (b) 192. (a) 

193. (b) 194. (d) 195. (b) 196. (c) 197. (b) 198. (e) 199. (d) 200. (d) 

201. (a) 202. (b) 

[~ .' .~ : 'ASSi:RTION-REASON TyPE QUESTIONS I 
; , 

1. (by 2. (b) 3. (a) 4~ (b) 5. (b) 6. (c) 7. (a) 8. (b) 

9. (e) 10. (a) 11. (d) ]2. (b) 13. (b) 14. (b) 
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,BRAiN STORMING PROBLEMS 

lOBlECTIVEQUESTIONS l/or ( IIT'~S9IRANrS' 
1. \\rylich of the following is correct? 

(a) Molecularity of areaction can be fractional 
(b) Zero order reaction never stops 
(c) A first order reaction must be homogeneous 
(d) The frequency factor 'A" in Arrhenius equation 

(k Ae - Ea I RT ) increases with increase in temperature 

2. The rate constant of the reaction, 
2H20 2 (aq.)-..? 2H2°(l) + 0l(g), 

is 3 x 10-3 min-I, ' 

.At what concentration ofH20 2, the rate ofthe reaction will be 
2 x 10-4 M S-I? 

(a) 6.67 x 10-3 M 

(c)4M 
[Hint: Rate k [H20 2 ]l 

(b) 2M 

(d) 0.08 M 

-4 3 X 10-3 

2 x 10 = 60 X [HP2] 

[H20 l ]= 4 M] 
3. The mechanism of the reaction, 

2NO(g)+ 2H2(g)~ Nz(g)+ 2HzO(g), 
is: 

fust 
Step 2:, H20 2 + Hz 2HzO 

(a) rate = k [N01l[Hlf 

(b) rate = k [H20 Z ][Hl 1 ' 
(c) on doubling the concentration of Hl , keeping the 

concentration of NO constant, the rate will become double 
(d) if the initial concentration of Hz and NO is Co and after 

, time' t' the concentration of Nz is x, then 

Rate k(Co - 2xy 
[Hint: Slowest step is rate determining 

:. Rate k[NO]2[H2 ] 

:. On doubling the concentration of H2 without changing the 
concentration of NO, the rate will become double.] 

4. ' The rate law for a reaction between A and B is given by: 

Rate = k [AnBt 

On doubling the, concentration' of A and halving the 
concent:fa,tio~~of D, the ratio of ,new, rate to the earlier rate of 
the reactiop will be as:'" 
(a)n m (b) 21l.-m , (t}i /(n4:lir) (d)2m-n 

k , 
5. The reaction A ~ Product, is zero order while the reaction 

k 
B ~ Product, is first order reaction, For what initial 

concentration of A, are the half lives of the two reactions 
equal? 
(a)(loge4)M (b)2M (c)2Iog2M (d}In2M 

[Hint: For zero order reaction, 

x = kt 

a k . a .. '2= xtIl2,1.e.,tI12=2k 

For first order reaction, 
2 

k 

From eqs. (i) and (ii), a 
2k 

a log" 4 M] 

... (iJ 

, .. (ii) 

6. Which of the following is pseudo-unimolecular reaction? 
(a) 2HzOl 2HzO + 0z 

'(b) C6HSN2Cl + HOH ~ C6HsOH + N2 + HCI ' 
(c) CH3C00CzHs + NaOH ~ CH3COONa + CzHsOH, 
(d) 203 ~ 302 

7. The order and molecularity of the chain reaction, 

2HCI (g), 

are: 
(a)2,0 (b) 0, 2 (c)l,l (d) 3, ° 

8. A reactant (A ) forms two products: 

k I 

A ~ B Activation energy E a 1 

k2 

A ~ C Activation energy Ea2 

If Eaz 2Eal , then kl and kz will be related as: 

(a)kl kleEajlRT (b)kz=kleEazIRT 

'(c)kl = Ak2eEaliRT (d)k
1 

=2kleEazlRT 

[Hint: k2 = Ae-Eazl RT 

k - A -EflJIRT 
1- e 

,,; e(-Eaz +EflJl/RT 

kl 

kl 

k - k EflJIRT] 
2 - Ie 

9. Collision theory is satisfactory for: 
, (a) first order reactions (b) second order reactions 

(c) bimolecular reactions (d) zeroth order reactions 
1(;;' Initial concentration of reactant for nth order reaction is 'a'. 

. Which' of the following r~lations is correct abaH': tl/2 of the 
reaction? 
(a) In tl/2 = In (constant) - (n - I) loge a 

(b) In tl/Z = In n + In (constant)-:-In a 

(c) t1/2 In n = In (constant) + In ao 
(d) In tl/2 n.ln ao ' 

I 
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[Hint: 
1 

t112 0<: d'-l 

1 
t 112 = k --;;-::t 

a 

In t1l2 = In k - (n - 1) loge a] 

11. Half life of a reaction becomes half when initial concentrations 
of reactants are made double. The order of the reaction will be: 
(a) I (b) 2 (c) 0 (d) 3 

1 
[Hint: t1l2 O<:--;;-::t 

a 
1 

1112 = 
,a 

where, ~ = order of reaction for second order reaction.] 
12. Arrhenius equation is: 

k = Ae-E1RT 

Which of the following graphs represents the variation of rate 
constant k against temperature T ? (lIT 2010) 

i !I~ k 

T- T-
(a) (b) 

i t 
k k 

T- T ,,--. 

(c) (d) 

13. If a homogeneous catalytic reaction follows three alternative 
paths A, B and C, then which of the following indicates the 
relative ease with which the reaction moves? 

t 
Potential 
energy 

R 

A 

p 

Reaction coordinate -

(a) A > B > C (b) C > B > A (c) A > C > B (d) ABC 
14. The rate constant for the reaction, 

2N20 5 ~ 4N02 + O2 

is 3 X l()-s sec-I. If the rate is 2.4 X 10-5 mol litre -I sec -1, 

then the concentration ofN20 s in mol litre-1 will be: 
(a) 1.4 (b) 2.1 (c) 1.27 (d) 0.8 

~int: Rate = k [N20S] 

2.4 X 10-5 3 X 10-5 [NP5] 

[NzOs]=0.8M] 
15. Consider the following statements: 

1. The rate of reaction is always proportional to the 
concentrations of reactants. 

2. The order of an elementary chemical reaction step can be 
determined by examining its stoichiometry. 

3. The first order reactions follow an exponential time 
, course. 

Of these statements: 
(a) 1,2 and 3 are correct (b) land 2 are correct 
(c) 2 and 3 are correct (d) 1 and 3 are correct 
[Hint: Statement (1) cannotbe correct because the rate of zero 
order reactions does not depend on concentration of reactant.] 

16. Two different first order reactions have rate constants kj and k2 

at 11 (kt > kz ). If temperature is increased from 11 to Tz, then 
new constants become k3 and k4 respectively. Which among 
the fQllowing relations is correct? 

(a) kt > k2 = k3 k4 (b) kl < k3 and k2 < k4 
(c) kl k3 k4 ' (d) kl > k, > k, '> k4 

.... ~ J , 

17. In the reaction, A + B ~ C + 1), the rate l~) when 
. dt 

plotted against time 't' gives a straight line parallel to time 
axis. The order and rate of reaction will be: 
(a) I, k + 1 (b) 0, k (c) 1, k + I (d) k, k + 1 

18. In the Haber's process of ammonia manufacture, 
N2(g) + 3Hz(g) ~ 2NH3(g) 

19., 

the rate of appearance of NH3 is: 

d[
NH3] 2 x 10-4 mol L-1 sec-1 

dt 
The rates of the reaction expressed in termS ofN2 and H2 will 
be: 

Rates ill terms of HI , ~intennsofNI 

(a) 

(b) 

(c) 

(d) 

[Hint: 

(mol L -I see-I) 

3 x 10-4 

3 x 10-4 

1 X 10-4 

2 x 10-4 

Rate 
dt 

dt dt 

(mel L -1 see ~I) 
2 X 10-4 

I X 10-4 

3 X 10-4 

2 X 10-4 

= -d[N21 = _.!. d[N2 ] 

~t.. . .... ' ,) .,dt, . 
"""'; .. 

3 
x 2 X 10-4 = 3 X 10-4 mol L-1 sec-1 

2 
1 1 -4 

=-x2xlO 
dt 2 dt 2 

I x 10-4 mol L-1 sec-I] 

A reaction A B, involves following mechanism: 
kl 

Step 1: A B 
k2 

Step 2: B C 
k3 

Step 3: C D 

(fast) 

(slow) 

(fast) 
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20. 

The rate law of the reaction may be given as: 
(a) rate k1[A] (b) rate = k2[B] 
(c) rate = k3[C] (d) rate klk2k3[B][C] 

Concentration in mol L-1 

Half life in sec 

The order of reaction i·s: 

30 

(a) second (b) first (c) zero (d) fractional 

21. The halflife of second order reaction is: 
(a) inversely proportional to the square of the initial 

concentration of the reactants 
(b) inversely proportional to the initial concentration of 

reactants 
(c) proportional to the initial concentration of reactants 
(d) independent ofthe initial concentration ofreactants 

[II I I ... \ d int: t1l2 "" -;t'T; w lere, a = IDltia cone., n = or er 

1 . 
tl12 (second order) 0<. ] 

a 

22. What names apply to chemical species corresponding .to 
locations 1 and 2 on this reaction coordinate diagram? 

Reaction progress -

Location 1 Location 2 

(a) Activated complex Activated complex 

(b) Reaction intennediate Activated complex 

(c) Activated complex Intermediate 

(d) Reaction intennediate Intennediate 

23. Consider this reaction: 
2N02(g)+ 03(g)~ NzOs(g)+ 02(g) 

The reaction of nitrogen dioxide and ozone represented is first 
order in N02 (g ) and in 0 3 (g ). Which of these possible 
reaction mechanisms is consistent with the rate law? 

. Mecl1anism I: N02 (g ) + 0 3 (g ) ~ N03 (g) + O2 (g) (slow) 

N03(g)+NOz(g)~N20SCg) (fast) 
Mechanism II: 03(g) 02(g)+[0] (fast) 

NOz(g) + [0] ~ N03 

N03 (g) + N02 (g ) ~ NzOs 
(a) I only (b) II only 
(c) Both land II (d) Neither I nor II 

(slow) 
(fast) 

fHint: Mechanism I, Rate = k[NOz][ °2], Slow step is rate 

determining 
Mechanism II, Rate = k [NOz][O] ... (i) 

K [02 ][0], [0] = K [0 3 ] 

[03 ] [02 ] 

From eq. (i), Rate = kK[NOz ][03][02r 1 

:. Both mechanisms show that reaction is first order with respect 
to N02 and 03'] 

24. Use the experimental data in the table to detennine the rate law 
for this reaction: 

A+B~AB 

These data were obtained when the reaction was studied: 

[A) [B] I 8(ABlmol L -I sec.,.l 
M 

0.1 M 

0.2M 

O.3M 

0.1 M 

O.IM 

O.3M 

What is the rate equation for the reaction? 

2 X 10-4 

.2 X 10-4 

1.8 X 10-3 

(a) Rate = k [A][B]· (b) Rate =k [Af 

(c) Rate = k [B] (d)R~te= k [B]2 

25. In which of the following reactions, the increase in the rate of 
reaction will be maximum? 

Ea 
(a) 40 kJ/mol 
(b) 90 kl/mol 
(c) 80 kl/mol 
(d) All will have same rate 

Temperature rise 

200- 210 K 
300-320 K 
300-310 K 

26: Which of the reactions represented in these diagrams will 
show the greatest increase in rate for a given increase in 

. temperature? 

27. 

28. 

29. 

30. 

t Ap t f\-p >- >-
0. 0. 
(ij (ij 
..c:. ..c:. 
'E 'E 
w w 

Reaction (I) - Reaction (11)-

(a) Reaction I forward . (b) Reaction I reversed 
(c) Reaction II forward (d) Reaction II reversed 
Which function of [X ], plotted against time, will give a 

straight line for a second order reaction? 
X ~Product 

(a) [X] (b)[xf (c) In [X] (d)_l_ 
[X] 

Decomposition ofH20 2 is a first ordeueaction. ~ 16 volume 

solution ofH20 2 ofhalflife 30 min is present at start. When 
will the solution become one volume? 
(a) After 120 min (b) After 90 min 
(c) After 60 min (d) After 150 min 
What is the activation energy for the reverse of this reaction? 

N20 4 (g) ~ 2N02(g) 
Data for the given reaction is: t:.H + 54 kJ and = + 57.2 
kJ: 
(a) -54 kl (b) +3.2 kJ (c) +60.2 kJ (d) + 111.2 kJ 
The reaction between chlorofonn, CHCl3 (g) and chlorine 

Cl2 (g ) to fann CCl4 (g) and HCl(g) is believed to occur by 
this series of steps: 
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Step 1: Cl2 (g ) ~CI(g ) + Cl(g) 

Step 2: CHCl3 (g) + Cl(g) ~ Cel3 (g) + HCl(g) 

Step 3: CCl3 (g ) + Cl(g ) ~ CCl4 (g) 

If this reaction is first order in CHCl 3 and half order in e12, 

which ,statement about the relative rates of steps 1,2 and 3 is 
correct? 
(a) Step 1 is the slowest 
(b) Steps 1 and 2 must both be slow 
(c) Step 2 must be slower than step 1 
(d) st~p 3 must be the slowest 

31. In the reaction, 
3BrO-~ BrOi + 2Br- (aqueous alkaline medium at 80"C) 

the value of the rate constant in the rate law in terms of -! [BrO~] is 0.056 L mol-1 
• What will be the rate 

constant when the r~te law is stated in terms of:!..- [BrOi] ? 
, dt 
(a)18.7 x 10-3 L mol-I S-I (b) 37.4 x 10-3 L mol-I S-I 

(c) 0.0187 L mol-1 S-I (d) 18.7 x 10-2 L morl 
S-l 

[Hint .!. d[BrO-] = d[BrO; ]+ 1 d[Br-] 
3 dt dt 2dt 

Required rate constant = .!. x 0.056 L mol-1 S-1 
3 

= 0.0187 L morl 5-1] . 

32. The dependence of the rate constant for a reaction on 
temperature is given by the equation k Ae -En I RT • 

Under what conditions is the rate constant k the smallest? 
(a) High T and large Ea (b) High T and small Ea 
(c) Low T and large Ea (d) Low T and smailEp 

33. The activation energy of a certain reaction is 87 kJ :;nol-l. 
What is the ratio of the rate constants for this reaction when 
the temperature is decreased from 37°C to 15°C? 
(a) 511 (b) 8.311 (c) 13/1 (d) 24/1 

34. Consider this reaction, 
2H2(g) + 2NO(g) ~ N2(g) + 2H20(g) 

The rate law for this reaction is: 
Rate = k [H2 ][NO]2 

Under what conditions could these steps represent' the 
mechanism? 

Step 1: 2NO ~ N20 2 

Step 2: N20 1 + H2 ~ N20 + H 20 

Step 3:N20 + H2 ~ N2 + H20 

(a) These steps cannot be, the mechanism under any 
circumstances ,,' 

'(b) These steps could be the mechanism if step 1 is the slow 
step 

(c) These steps could be the mechanism if step 2 is the slow 
step 

(d) These steps could be the mechanism if step 3 is the slow 
step 

35. Propanone reacts with iodine in acid medii.Jm according to the 
following equati(jn: 

o 0. 
II H+ II 

CH3 - c- CH3 + 12'~ CH3 - c- CH21 + HI 

These data were obtained~en the reaction was studied: 

0 
:;'.P' , 

II [I:zl,~ [Jr I,M, 
[CD) -C~CH31,M . ,.(JJ. , 

.. , 
0.010 0.010 .J).OlO 

-" 
0.02Q 0.010 )0.010 

" 

0,020. ' 0.020 0.010 
·L 

,Q\020 0.010 0.020 

Wb,at is the rate equation for the reaction? 
'0 

II 
(a) Rate = k[CH3 c-.cH3 ] [12] 

o 
, ~ 

(b) Rate =k[CH3 - c-cH3f 
o 

'" .' ·11 . , 
(e) Rate = k [CH:~ --,:c- CH3][Iz][H"] " " b 
,,: II , 

(d) Rate = k [CH3 ~ c- CH3](W] 

36. Arrhenius equation k Ae-Eal RT 

' Relative 
rate 

1 

2 

2 

4 

If the activation energy of the reaction is found to be equal to 
RT,then: 
(a) the rate of reaction does not depend upon initial 

concentration 
,(b) the rate constant becomes. about 37% of the Arrhenius 

constant A 
(c) the rate constant becomes equaJ'to 73% of the Arrhenius 

constant A 
(d) the rate of the reaction becomes infj.nite or zero 

37. At 25°C, the values of rate constant, activation- energy and 
Arrhenius constant ofareaction are 3 x 10-4 sec-I, 129 kJ/mol 
and 2 x 1015 sec -I respectively. 

The value ohate constant as T ~ 00 is: 

(a) zero (b)2xlOI5 (c)3xlO-4 (d)6xlOll 

38. The observed rate of a chemical reaction is substantially lower 
than the collision frequency. One or more of the following 
statements islare true to account for this fact. 
A. the reactants do not have the required energy. 

,B. ,the partuers do not collide in the proper orientation 
C. collision complex exists for a very short time. 
D. collision frequency over estimates the number of effective 

collisions' (ISAT 2010) 
(a) A, B andC (b) A, B andD 
(c)B,CandD (d) A,C andD 

39. the reaction between NO and Cl2 takes place in the following 

'two steps: 
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40. 

41. 

II. NOCl2 + NO ·2NOCI 
slow 

. The rate la~ of overall reaction, 
2NO + Clz ---7 2NOCI 

can be given by: 
Ca) rate k [NO]2[CI2] 

(c) rate = k [NOCl][NO] 

(b) rate k [NO][Clz] 

(d) rate = k [NO] [Clz f 
Which of the following reactions will have fractional order for 
A2 or Bz? 
(a) A2 A + A (fast) (b) ~ C (slow) 

A + B2 ~ AB + B (slow) C + B2 D (fast) 
A + B~· AB (fast) D + A2 ~ Products 

(c) Bz ~ B + B (fast) (d) All have fractional order 
Az + B AB + A (slow) 

AB ---4 Products (fast) 
In which of the following, Eo for backward reaction is greater 

than E a for forward reaction? 
Eo = 50 kcal 

(a) A ) B; Ml = -lOkcal 
Ea 50 kcal 

(b) A ) B-, Ml= + tOkcal 
Ea 60 kcal 

(c) A ) B-, Ml +20kcal 

(d) All of the above 
[Hint: . Ml == (Ea) J (Ea}b 

(Ea)b (Ea}f - Ml = 50 + 10 == 60 kcal] 

42. For n th order reaction ~ dependson(n =/:. 1): 
t3/4 

( a) initial concentration only 
(b) 'n' only 
(c) initial concentration and 'n' both 
(d) sometimes 'n' and sometimes initial concentration 

[Hint: Time for fractional change oc }_ I ] 
a 

43. For a second order reaction, 2A Products, a plot of log 

tl12 vs log a (where, a is initial concentration) will give an 
intercept equal to which one of the following? (SeRA 2007) 

. (a) i (b) log C~) 

. (c)! log G) (d) log k 
t 

log t1/2 

45. 

46. 

respectively40, 50 and 60 kJ mol-] ,then the overall energyof 
. activation in kJ mol~ 1 is: [PMT(Kerala) 2008) 
(a) 30 (b) 40 . (c) 60 (d) 50 
(e) 150 

[Hint: 

. Ae-E[IRTxA -E2 IRT 
Ae- EIRT = e 

E=E1 + E2 E3 
40 +50 60=30kJmo[-I] 

For an exothermic reaction, following two steps are involved_ 
Step 1. A + B ---4 I (slow) 

Step 2. 1---4 AB (fast) 

Which of the . following graphs correctly represent this. 
reaction? 

Reactio.n _ 
coordinate 

(a) 

Reaction _ 
coordinate 

(c) 

i~·· 
~>. I 

~~ (. +B . !l..cn . AB 

Reaction _ 
coordinate 

(b) 

AS 

. Reaction_ 
coordinate 

(d) 

A reaction takes place in three .steps with indIvidual rate 
constant and activation energy, 

Step 1 

Step 2 

Step 3 

Rate constant 

. kl 
Activation energy 

E01 = 180kJ/moi 

Ea2 80kJ/moi 

Eill = 50 kJ/mol 
[Hint: Kinetic equation for 
second order reaction is: I II (

kklk32 )2/3 og a - overa rate constant, k 

k l[ 1 1 ] ···~~~~""""""~·\)verall activation energy of the reaction wHrbe : 
t (a x) a 

when 
a 

x = 2,t= tll2 

1 1 
tll2 = k x ~ 

log t1/2 = -log k log a] 

44. ·For a reaction taking place in three steps, the rate constants are 

k], k2 and k3- The overall rate constant k = If the energy 
k3 

of activation values for the first, second and third stages are 

(a) 140 kJ/mol (b) 150 kJ/mol 
(c) BOkJ/mol (d) 120kJ/moi 

- . 213 

[

A. - EUj I RT A - E021 RT 1 
[Hint: Ae-EaIRT = .. e .. e 

A 
- E031RT . 

. e. 

== [Ae(- EUj- Ea} + Eo)}1 RT l213 . 

2 
Ea "3 [Eal + Ea2 - E.3 ] 

2 ="3 [180 + 80 50] '" 140 kJ/inol] 
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[;4~' I 
1. (d) 2. (c) 3. (c) 4 .. (b) 5. (a) 6. (b) 7. (b) 8. (a) 

9. (c) 10. (a) 11. (b) 12. (e) 13. (b) 14. (d) 15. (c) 16. (b) 

. 17. (b) 18. (b) 19. (b) 20. (b) 21. (b) 22. (b) 23. (e) 24. (d) 

25. (b) 26. (b) 27. (d) 28. (a) 29. (b) 30. (e) 31. (e) 32. (c) 

33. (c) 34. (c) 35. (d) 36. (b) .37. (b) 38. (a) 39. (a) 40. (a, e) 

41. (a) 42. (c) 43. (d) 44. (a) 45. (a) 46. (a) 

Integer Answer TYPE QUESTIONS 

This section contains 10 questions. The answer to 
. .each of the questions is a single digit integer, ranging 

from 0 to 9. If the correct answers to question numbers 
. X, Y, Z and W (say) are 6, 0, 9 and 2 respectively, then 

the correct darkening of bubbles will look like the 
given figure : 

1. In the reaction, A ~ B when the initial concentration of 
reactant is halved, the half-life increases by a factor of eight, 
what will be the order of the reaction? 

2. Rate of a chemical reaction increases by 1024 times by 100°C 
rise in temperature; the temperature coefficient of the reaction 
will be:·' 

3.. The rate of a reaction at 10 sec intervals are as follows: . 

Time(~) . 

o 
10. 

20 . 

30 

Rate . 
(mol L -1 sec-I) 

4.8x 10-2. 

4.79 x 10-2 

4.78 x 10-2 

4.81 x 10-2 

What will be the order of the reaction? 
4. How many times of the half-life will require to complete 75% 

of a reaction of first order? 

5. Ozone depletion takes place as : 
203(g)~ 302(g)' 

k 
Step 1 : 03(g)~ 02(g)+O(g) (fast) 

Step2: 03(g)+[O]~2(j2(g) (slow) 

order ofthe reaction will be : 
6. If the t1l2 for a first order reaction is 0.4 min, the time of or 

99.9% completion ofthe reaction is ............... min. 
7. Consider following parallel first order reactions 

< B (t1/2 = 4 brs) . 
A . 

C (t1/2 = 12 brs) 

The half-life for the decay of A is ................. hrs. 
8. The half-life period of a first order reaction is I hr. What is the 

time in hour taken for 87.5% completion of the reaction? 
9. The half-life of a reaction is doubled' when the initial 

concentration is doubled. The order of reaction is : 
10. For the reaction A2 + 2B ~ 2AB, the following data were 

observed: . 

Exp.No. IAll- (BI Rate 
(mol C-1 S"':I) 

l. 0.1 . 0.01 1.5 x 10-3 

2. . 0.1 0.04 6.0 x 10-3 

3. 0.2 0.01 3.0 x 10-3 

The overall order of the reaction will be : 

[·J14~.--------------1f. 
1. (4) 

9. (0) 

2. (2) 

10 •. (2) 

3. (0) 4. (2) 5. (1)' 6. (4) 7. (3) . 8. (3) 
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=re·. LINKED COMPREHENSION r,vPE QUESTIONS • ~ .. 

• Passage 1 

A collision between reactant molecules must occur with a certain 
minimum energy b40re it.is effective in yielding product molecules. 
This minimum energy is called activation energy Ea' Larger is the 
value of activation energy, smaller is the value of rate constant. 
Larger is the value of activation energy, greater is the effect of 
temperature rise on rate constant k. . 

t 

Collision number .......... 

E / = Activation energy offorward reaction 

Eb = Activation enerw of backward reaction 

6.H=E/ Eb 
= Threshold energy 

Answer the following questions: 

p 

l. If a reaction, A + B ---* C, is exothermic to the extent of 30 

kJ/mol and the forward reaction has an activation energy of 
249 kJ/mol, the activation energy for reverse reaction in 
kJ/mol is: 
(a) 324 (b) 279 (c) 40 (d) 100 

2. For the following reaction at a particular temperature, 
according to the equations, 

2NzOs ---* 4N02 + °z 
) 

2NOz + "2 02 ~ N20 S 

the activation energies are E) and E2 respectively; Then: . 

(a) E) > E2 (b) EI < E2 (c) E) = 2£2 (d) ~EJEi = 1 

3. In a hypothetical reaction, A -> Y, the activation energies for 

the. forward and backward reactions~are 15 and 9 kJ morl 
respectively. The potential energy of A is 10 kJ morl. Which 
of the following is wrong? 
(a) Threshold energy of the reaction is 25 kJ 
(b) The potential energy of B is 16 kJ 
(c) Heat of reaction is 6 kJ 
(d) The reaction is exothermic 

4. For two reactions, activation energies are E and E . rate a 1 02' r 

constants are kl and k2 at the same temperature. If kl > kz, 
then: 

(a)Eul >E~2 (b)Eul =Ea2 (c)Eal <Ea2 (d)Ea[ ?Ea2 

5. The rate constant of a certain reaction is given by 
k::: Ae-EaIRT (where A = Arrhenius constant). Which factor 

should be lowered so that the rate ofre~tion may increase? 
(a)T (b)Z (c) A (d)E . a 

6. The activation energies for forward and backward reactions in 
a chemiCal reaction are 30.5 and 45.4 kJ mol-I respectively. 
The reaction is: 
(a) exothermic 
(b) endothermic 
(c) neither exothermic nor endothermic 
(d) independent of temperature 

• Passage 2 
the energy profile diagram for the reaction: 

CO(g) + N02 (g) ~ CO2 (g) + NO(g) 
is given below: 

r 
Energy 

~eaction path -

Answer the following questions: 

p 

1. The activation energy of the forward reaction is: 
(a) x (b) y (c) x + y (d) x - y 

2. The activation energy of the backward reaction is: 
(a) x (b)y (c)x+y . (d)x-':'y 

3. The heat of the reaction is: 
(a)x' (b)y . (c)x+y (d)x-y 

4. The threshold energy of the reaction is: 
(a)x+y-z (b),x-y+z (c)x+y+z (d)x-y-z 

• Passage 3 
Population growth of humans and bacteria follows first order 

growth kinetics. Suppose 50 bacteria are placed in a flask containing 
nutrients for the bacteria so that they can multiply. A study at 35"C 
gave the following results : 

Time (minutes)' 0 
Number of bacterilf 100 

15 
200 

30 
400 

45 
800 

60 
1600 

Answer the following questions: 
1. . The rate constant for the first order growth of bacteria can be 

calculated using: 

t ) k - 2.303 1 II a ) a --- ogJO --
t a-x 

(b) k = _ 2.303 log (_a_) -
. t a+x· 
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(c) k 
0.693 

t . 
(d) k 

x 

2. Unit of rate constant for first order growth is: 
(a) min-I (b) min2 (c) min-3 (d) unitless 

3. The rate constant for the reaction is: 

(a) 0.0462 min-:(b) 0.462 min-I 
(c) 4.62 min --;1 (d) 46.2 min-I 

4. The rate of gro\.\fth initially is: 
( a) 4.62 bacteria per min (b) 23.1 bacteria per min 
(c) 23.1 bacteria per sec (d) 0.231 bacteria per sec 

5. At what time, there will be 6400 bacteria in the flask?' 
(a) 150 min (b)' 90 min (c) i60min (d) 120 m\n 

• Passage 4 
Order of reaction is an experimentally determined quantity. It 

may be zero, positive, negative and fractional. The kinetic equation 
of nth order rl!laction is: 

kxt= I [ 1 
(n I) (a-xr I 

anI I] 
Half life of nth order reaction depends on initial concentration 

according to the following relation: 
I 

tl12 <X--;:I 
a 

Unit of the rate constant varies with the order but general relation 
for unit of nth order reaction is: . 

[ ] 

n I' 
. " I . _I 

Umtofk= -- x time 
cone. 

The differential rate law for nth order reaction may be given as: 

d:x =k[Ar' 
dt 

where, A denotes the reactant. 
Answer the following questions: 

1. Theunit of rate and rate constant are same for a: 
(a) zero order reaction (b) first order reaction 
(c) second order reaction (d) half order reaction 

2. The rate constant for zeFO order reaction is: 

(a) k = Co (b) k = Co - Ct 

U t 

(c)k In Co - CI (d)k=Co 
2t C( 

where Co and'CI are concentrations of reactants at respective 
times. 

, , 

3. The half life for a zer~order reaction equals to: 

(a) 1 !.- (b) a
2 

(c) 2k (d).!!... 
2 a2 2k a 2k 

4. For a reaction: 
r + ocr ~ 10- + Cl-

in an aqueous medium, the rate of the reaction is given by 

d[IO-] = k [1 -] [OCI -] 

dt [OIr] 

The overall order of the reaction is: 
(a) -1 (b) 1 (c) zero (d) 2 

5. In a chemical reaction A ~ B, it is found that the rate ofthe 

reaction doubles when the concentration of A is increased four 
times. The order of the reaction with respect to A is: 
(a) 0 (b) 112 (c) I (d) 2 

• Passage 5 

Consider the reaction represented by the ,equation: 

CH3Cl(g) + HP(g) ~ CHPH(g) + HCI(g) 

These kine.tic data were 'obtained for the given reaction 
concentrations: 

Initial teD~ (M) 
·~i' 

.:lCBPI (H:PI 
Initial rate of diappearaJKe of 

.CR"CJM.-1 

Oi2 0.2 1 
0.4 0.2' 2 
0.4 0.4 8 

Answer the following questions based on these data: 
1. The rate law for the reaction will be: 

(a) r. k [CH3CI][H20] (b) r = k [CH3CI]2[H20] 

(e) r= k [CH3Cl][H20f (d) r k [CH3Clf[H20t' 

2. Order with respect to [CH 3Cl] will be: 

WO ~1 W2 003 
3 .. Overall order of the reaction will be: 

WO 001 W2 003 
4. Unit of rate constant will be: 

(a) sec-I (b) litre 2 mol-2 sec-I 

(c) litre mol-I (d) mol litre-1 sec-1 

5. If H20 is taken in large excess, the order of the reaction will 

be: 
(all (b) 0 , (c) 3 (d) 2 

[/I~"--------------t 
P~J. 1. (d) 2. (a) 3. (d) 4. (c) 5. (d) 6. (a) 

P.....,..2. 1. (a) 2. (c) 3. (b) 4. (c) 

~3. 1. (b) 2. (a) 3. (a) 4. (a) 5. (b) 

·P.....,..4. 1. (a) 2. (h) . 3. (d) 4. (b) 5. (b) 

P~5. 1. (c) 2. (b) 3. (d) , 4:. (b) 5. (a) 
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c:> SELF ASSESSMENT c:> 
ASSIGNMENT NO.8 

SECTION-I 
Straight Objective Type Questions 

This section contains 10 multiple choice questions. Each 
question has 4 choices (a), (b), (c) and (d), out of which only. 
one is correct. 

1. What is the order of reaction,. 

Mechanism: 
A2 + B2 ----'? 2AB ? 

A2~A+A 
A + B2 ----'? AB' + B 
A + B ----'? AB 

002 ~l ~X OOX 

(fast) 
(slow) 
(fast) 

2. For a gaseous reaction, A (g ) ----'? Product, which one of the 

ell" I . ~. d~? 10 owmg IS correct re atlOn among - ,- an . 
dt dt dt 

(dP R f '. '-1 de R f .. 
- =: ate 0 reactIOn III atm sec ; -:: ate 0 reactIOn m 
dt dt 

molarity sec -1; dn =: Rate of reaction in mol sec _1) 
dt . 

de dn dP de Idn dP 
(a)-==-=:-- (b)-- --.:....=:--

dt dt . dt dt V dt dt 

(c) de V dn dP (d) None ofthese 
dt RT dt dt 

3. The rate law for a reaction between the substances A and B is 
given by the, rate k[AJ"[Bt. On doubling. the 

concentration of A and halving the concentration of B, the 
ratio of the new rate to the earlier rate of the reaction will be 
as: 

I 
(a) 2m + n (b)m + n (c) n - m (d)i,,-m) . 

4. A substance having initial concentration' a' reacts according to 
zero order kinetics. What will be the time for the reaction to go 
to completion? 

(a)~ (b)k 
k a 

a 
(c) 2k 

(d) 2k 
a 

5. The rate constant for the reaction, 
2N20S{g) ----'? 4N02(g) + °2(g) 

is 3 X lO-s sec-I. If the rate of reaction is 

2.4 x 10-5 rnollitre- I sec-I, then the concentration ofN20 5 in 

mol litre-I is: 

(a) 1.4 (b) 1.2 (c) 0.04 (d) 0.8 
6. Half life of a reaction is inversely proportional to cube of 

initial concentration. The order of reaction is: . 

004 ~3 ~6 M2 
7. The oxidation of ammonia takes place as, 

~NH3 (g ) + 302 (g) ----'? 2N2 (g) + 6H20(g ) 

if the rate offorrnation ofN2 is 0.7 MIs, determine the rate at 
which NH3 is consumed: 

. (a) 1.4 mol L-ls-1 (b) 0.7 mol L-1S 1 

(d) none of these 

8. Consider the reaction: 
2H2(g) + 2NO(g) N2(g)+ 2H20(g) 

The rate law for this reaction is: 
Rate = k[H2 1 [Nof 

Under what conditions· could these steps represent the 
mechanism? 

Step 1: 

Step 2: 

Step 3: 

2NO(g )~ NZ0 2 (g) 

N20 2 + Hz ----'? N20 + H20 

N20 + H2 ----'? H20 +N2. 

(a) These steps can never satisfy the rate law 
(b) Step I should be the slowest step 
( c) Step 2 should be the slowest step 
(d) Step 3 should be the slowest step 

9. Which of tJie following is not for zero order reaction? 

i 
dx 
dt 

10. I. 

a ---'-+ 

(a) 

(a-x) --'--+-

(c) 

:: 15 kJ mol-I; 

i 
x 

. t ---'-+ 

(b) 

1 ~. (a-x) 

t ---'-+ 

(d) 

I1H 70'kJ mol-1 

11.. Ea 30 kJ mol-!; Mf = -15 kJ mol-! 

III. Ea = 600 mol-I; I1H + 20 kJ mol-I 

If above reactions are at same frequency factor then fastest and 
slowest reactions are: 
(a) III is fastest, II is slowest 
(b) I is fastest, III is slowest· 
. (c) II is fastest, III is slowest 

(d) III is fastQt.I i.s slowest 
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SECTION-II 
Multiple Answers Type Objective Questions 

11. Which of the following graphs are correct? 

1 
Rate 

(a) . 

1 
tl/2 

11<1 -
(c) 

1 
.. tl/2 

a-
(b) 

1/a

(d) 

Here 'a' denotes initial concentration of reactants. 
12. Arrhenius equation may be given as: 

(a) In A = ~ . (b) log A = log k + Ea 
k RT 2.303RT 

(c) log [-Ea ] k (d) d In k 
RT a dt RT 

13. WhiCh of the following is/are correct for second order reaction? 
(a) till is inversely proportional to initial concentration 

(b) k = ~ [_1 __ .!.] 
t (a-x) a 

(c) k = 2.303 log (-. a_J 
t a-x 

(d) k = 1 [ 1· _~] 
2t (a - xi a2 

14. For a 1st order reaction: 
A ~ B, with initial concentration = a 

. k . 
. (a) t!12 = (b) t3/4 = 2tl/2 

a 
0.693 

(c) tl/2 (d) tl12 k x 0.693 
k 

15. Select the correct statement for Arrhenius equation 
. k = Ae-EaIRT 

(a) 'A' maybe termed as the rate constant at very high 
temperature . 

(b) , A' may be termed as the rate constant at zero activation 
. energy 

(c) Ea is the activation energy of reaction 
(d) k is rate of reaction at zero concentration 

Assertion~Reason Type Questions 
This section contains 3 questions. Each question of this 
section contains Statement-l (Assertion) and Statement-2 

(Reason). Each question has following 4 choices (a), (b), (c) 
and (d), out of which only one is correct. 

(a) Statement-I is true; Statement-2 is true; Statement-2 is a 
correct explanation for statement-I. 

(b) Statement-l is true; Statement-2 is true; Statement-2 is not 
a correct explanation for Statement-I. 

(c) Statement-l is true; Statement-2 is false. 
(d) Statement-l is false; Statement-2 is true. 

16. Statement-I: If temperature does not affect the rate of 
reaction, Ea = o. 

Because 
Statement-2: Lesser is the activation energy, slower is the 
rate. 

17. Statement-I: In the reaction: 
N02(g) + CO(g) ~ CO2(g) + NO(g) 

Rate k[N02f 

Th~ rate of reaction does not depend on the· concentration of 
CO. \ 

Because 
Statement-2: Carbon monoxide is involved in fast step. 

18. Statement-I: The reciprocal of time in which 66% of the 
reactant is converted to product is equal to the rate constant of 
first order reaction. 

Because 
Statement-2: The rate constant for first order reaction 
depends on initial concentration of reactants. 

.sEcTION-IV 
Matrix-Matching Type Questions 

Thi!> section contains 3 questions. Each question contains 
statement given in two columns which have to be matched. 
Statements (a, b, c and d) in Column-I have to be matched with 
statements (p, q,rand s) in Column-II. The answers to these 
questions have to be appropriately bubbled as illustrated in the 
following examples: 
If the correct matches are (a-p,s); (b-q,r); (c-p,q); and (d-s), 
then correct bubbled 4 x 4 matrix should be as follows: 

p q r s 

a8@00 
b0_e0 
c8_0 
d®@0 

19. Match the Column-I with Column-II: 
Column-I 

(a) Rate of reaction 
(b) Rate constant 
(c) Order ofreactiOil 
(d) Molecularity of reaction 

Column-II 
. (P) May be fractional 

(q) Whole number 
(r) Independent of temperature 
(8) Increase with temperature 
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20. Match the Co1umn-I with Column-II: 21. Match the Co1umn-I with Column-II: 
ColuMn-) ColuMn-II CoIUMn-) ColuMn-II 

(Order of reaction) (Grapb) (a) First order (P) Unit of k sec-I 

(a) First order 
(P) (L~ 

(b) Pseudo first order (q) Unit ofk = dm6mor2s-1 

(c) Third order (r) t112 oc: 11 a2 

(d) Second order 
1 

(s) tl12 ex:
a t-

(b) Second order (q) l~ 
t112 -

i . 
(c) Third order (r) I~ 

~ . 
t-

(d) Zero order -(s) !~ 
t1/2 -

[A~· 
1. (c) 2. (b) 3. (d) 4. (a) 5. (d) 6. (a) 7. (a) 8. (c) 

9. (c) 10. (b) n. (b,c) 12. (a,b) 13. (a,b) 14. (b,c) 15. (a;b,c) 16. (c) 

17. (a) 18. (e) 19. (a-s) (b-s) (c-p,r) (d-q,r) 20. (a.:r) (b-p) (c-q) (d-s) 21. (a-p) (b-p) (c-q,r) (d-s) 

11 


