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The chapter deals with the rate and mechanism of
chemical reactions. There are several reactions which take
place instantaneously (e.g., ionic reactions) for which rate
cannot be determined. On the other hand, some reactions occur
so slowly (e.g., rusting of iron) for which rate determination is
of no use. In between these two extremes, many molecular
reactions occur with considerable rate for which rate
determination is made. In a reaction of this type if, taking place
in steps, the slow step reaction decides the rate of reaction.

R —Cl1+KOH —— ROH +KCl
R—Cl—gm—> R* +C1I" —SL— ROH

In chemical kinetics, reactions which occur in single step
are simple or elementary reactions and those which take place
in two or more steps are termed as complex reactions. For
elementary reactions, order of reaction and molecularity are
generally same.

The rate of reaction : Consider a reaction
A—— Product

t=0 amole 0
t=t (a- X )mole
t=(t+dt) (a- X —dX )mole

Like other ways to define rate say change in position in
unit time, the rate of reaction may also be given as,

Rate = — mole <')freactam.used _X (D)
time required for this change - ¢

However, as we know, rate of a reaction continuously
decreases with time and thus, Eq. (1) simply reveals average
rate of reaction and it is not advised to take this equation in
account for instantaneous rate of reaction, i.e., rate of reaction
at any time. .

To obtain instantaneous rate, one should consider the
average rate when time interval is smallest say dt (i.e., when dt
approaches to zero). Therefore, consider an infinitesimally
small time d? in which dX mole of reactant are used.

Then,

’ dX
Rate of formation of product = 73

dc,
or Rate of decomposition of reactant =——2"

when dC 4 is concentration of reactant used in time dt; the
negative sign indicates for decreasing trend of rate with time.
Furthermore, consider a reaction,
2N,05(g) — 4NO,(2) +02(g)
It is clear from the reaction that rate of decomposition for
N,Oj5 is twice as fast as the rate of formation of O, and
therefore,

1d[N;0s] _14d[NO,] _d[O,]
2 dt 4 d  dt
1A[N,05] 1 A[NO,]_A[O;]
2 At 4 At A

If At — 0, the average rate changes to instantaneous rate.

Instantaneous rate = —

Average rate = —

where, —% [N,05]is rate of decomposition of N,0¢

+d[NO . ;
% is rate of formation of NO,

dO,].
dt

is rate of formation of O,

In general, we can write for
mA+nB+:---- — mZ+m¥ +------

Rate of reaction = —LM = —LM =
ny dt ny dt
1 d[Z] _ 1 d[Y]

m dt my dt
Factors influencing rate of reaction :
(1) Conc. of reactant, (2) Temperature, (3) Pressure, 4)
Surface area of reactant, (5) Exposure to light, (6) Presence of
catalyst, (7) Order of reaction.

Unit of rate : Rate = E‘

<. Unit of rate = 4tit Of concentration off:once-ntration

unit of time
Rate constant and its variation with temperature :
Rate constant is a characteristic constant for a given reaction

and is defined as the rate of reaction when concentration of
reactant is unity.

ie, Rate=K(a-x)

=mol litre ' time ™!

Vvo(@a=-x)=1 ~rate=K
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The rate constant X varies only with temperature and is
expressed as,
K, _E,[I-T]

2.3031 _—
03 log,o KR I
for two temperature limits
or K =Ae5'"T for one temperature

where E, is energy of activation, T is temperature in
Kelvin, 4 is frequency factor; R is molar gas constant.
NOTE : (1) PutR in the units in which E, is given or desired.

(2) Temperature coefficient : The ratio of rate constant for

each 10°C rise in temperature preferably 25°C and 35°C,
ie, Kys/Kys=2~3,

Unit of rate constant : Varies with order of reaction.
Rate = K [Reactant]”
K= rate _ mol litre ' time ™!
[Reactant]” (mol litre ™' )"
Unit of K =mol' " litre" time ™!
where n is order of reaction.
Molecularity and order of reaction:

Molecularity of reaction Order of reaction
1. [It is defined as the no. of|It is defined as the no. of
molesules of taking part| molecules of r whose
in a chemical reaction. concentration determines the rate
eg., of reaction.
NHNO,— N, + 2H,0 NH/NO,— N, + 2H,0
D m=1 and rate = K[NH,NO, ]
. OR =1

2. (It can neither be zero nor|It may be zero, fractional or
fractional. integer. )

3. [It is derived from mechanism of | It is derived from rate expression.
reaction.
4. |1t is theoretical value. It is experimental value.

5. |Reactions with molecularity > 4|Reactions with O.R. > 4 are also

are rare. rare.
6. | Molecularity is independent of| O.R. depends upon pressure and
pressure and temperature. temperature.

Salient features for determination of order of
reaction:
(1) The rate expression is directly given, i.e.,
2NO +02—) 2N02
and Rate = K[NOJ’[0,]' . OR.=2+1=3
i.e, O.R. is also defined as sum of powers raised on
concentration terms in order to write rate expression.
CH;COOC2H5 +H,0—> CH,;COOH +C2H50H
and  Rate=K[CH;COOC,H;]'[H,0]°
L OR.=1+0=1
(2) The problem is provided up in form of language, i.e.,
24 + B — Product and Given
A shows first order kinetics and B shows zero order
kinetics.

OR.=140=1 and rate = K[4]'[B]°

Numerical Chemistry

(3) Either of reactant is mentioned as excess, i.e.,

(a) 24 + B —> Products
OR.=2+0=2  and rate=K[AP[B]°

() 2A + B — Products
OR.=0+1=1 and rate=K[A]’[B]'

(4) Experimental data is given :
(a) Case I : Rate is given using different conc. of 4 and B

at same temperature.
Giventhat, =~ [4] ~ [B] Rate
a h n
a b n
as b3 n
n =Kla]"[h]"

n =K[a;]"[5;]"
ry=Kla;]"[5]"
where m and n are order for 4 and B respectively
Solve these to get m and n
& OR.=(m+n)
(b) Case II : Half-life period (1) and inital
concentration (a) are given.
Half-life period : Time to complete half of the reaction
tyz = (a)'™"
when n is order of reaction;
(c) Case I : Characteristic study of experimental facts
about a reaction.

(5) The given reaction is pseudo unimolecular or pseudo
bimolecular. ¢

Pseudo unimolecular reactions:
Reactions with OR.=1 but Molecularity >2
O.R.=1, molecularity =2 for reaction given below:
e.g.,CH;COOC,H; + H,0=—=CH;COOH +C,HOH
Ci2Hy0y; + H;07=CgH,,04 +C¢H,:0¢

Pseudo bimolecular reactions:
Reactions with O.R.=2  but Molecularity >3
(6) Unit of rate constant is given :

Unit of K = (mol)' ™" (litre)"" time ™!
Types of order of reactions :

(I) Zero order reaction :

for =3 Product dc

atr=0 C, or - L=K[C, Y
atr=t C, .

Rate = K[Reactant]’ |on integrating - C, = Kt +C

3 Q_ at t=0, C.‘ =C0
i Gk & Cw=Cy
On integrating, "

x =gx o=t

!
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Characteristfcs : (1) Rate remains constant through out
the course of reaction.

(2) Unit of rate constant = mol litre ™ time ' .

(3) Half-life period :
concentration.

(II) I order reaction :

ti/2 < (a), where a is initial

Rate = K[C]' for

A . > Product
ke % =K[CT =K[a-x] (a‘ix) :::f?

On integrating, we get K x ¢ =2.303log,y —2—
a-x
i Characteristics : (1) Rate continuously decreases with
€.

(2) Unit of rate constant : Time ™

(3) Half-life period : 1/, o< (a)°

i.e, - half-life for I order is independent of initial
concentration. .

(IIX) II order reaction :

Case I : If one reactant or two reactants with same initial
concentration;

For A — Produ::ts
a at t=0
(a- x) att=t
Rate=K[C]> or % =K(a-x)?
. . =l X
On integrating, we get K Xt = 2G5

Case I1 : If reactants are two and initial concentrations are
different;
For A + B —— Products
atr=t (a-x) (b—%x)
Rate =K [4]' [B]'

%:K(a—x)(b-x)

‘ _ _ 2303 bla-x)
On integrating, we get K X 1= (510810 5 =)

Characteristics : (1) Rate continuously decreases with
time,

(2) Unit of rate constant : mollitre' time ™

(3) Half-life period : #;/2 * (@) or fpx1/a

Salient features of rate constant and half-life period :

Order of reaction Half-life  Unit of rate constant
mol litre™ time ™

0 hyp><a

1 hra = @° time ™

2 tyz = (@)™ mol  litre time ™

3 ty2 = (@)™ mol 2litre *time ™

n ty = @' mol' " litre" " time ™'
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Experimental methods to determine order of reaction:

(1) By integration method : The experiments are carried
out between the required amounts of reactants and products
formed are analysed in terms of values as desired in various
integrated forms of order of reactions. Using experimental
values, rate constant is obtained by using different order rate
equations. The one which gives most constant value for rate
constant suggests the order of reaction. This is also known as
hit and trial method. Most of the numericals are based on this
method.

(2) Graphical method : Experiments are made to obtain
the rates of reactions at different intervals using different
amounts of reactants. Now the rates are plotted against
(a - x)" values. The nature of graph suggests order of reaction.
In T order reaction straight line is obtained when rate is plotted
against (a — x). In zero order reaction a straight line parallel to
X-axis is formed.

(3) Time required to complete a definite fraction : As
we have,

tym < (a)]_’l

where n is order of reaction. Experiments are made to
study the time required for a definite fraction to be completed
using different amounts of reactants and then use of
tym o (@)'™ gives order.

(4) Isolation method : In this method, all the reactants
except one are taken in very large excess and order is
determined using either of the above methods. Different
experiments are made using one by one reactant in small
amount and rest all in excess. The sum of all the orders of
reactants give order for reaction.

Reversible elementary reactions :

For reversible reaction 4 — B

Rate of reaction= K ;[ 4]- K, [B] ...(A)
First order opposed by first order :
Kr
A = B
KP
t=0 [4]o 0
t=t [Alo—-X X
t=eq. [Alo—Xq X

We can integrate Eq. (A) to have

2.303 X
t= 1 4
(K, +Kp) °g[x,,,» —X]
If [B]=[B], at t=0,

then =230 [[B]O *Xeo log Xa.
Ky | (4]0 +[B]o X -X|
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____® NUMERICAL PROBLEMS ®

. The reaction 2NO +Br,—— 2NOBr,
following mechanism.
Fast
(i) NO+Br, = NOBr,
(ii) NOBr, + NO —S°%_, oNOBr
Suggest the rate expression.

. The thermal decomposition of N,Os occurs in the
following steps:

obeys the

Step I N,05 —S** , NO, +NO,
Step II N,0;5 +NO; —,3N0, +0,

Overall reaction is 2N,;05—>4NO, +0,
Suggest the rate expression.
. For the reaction 2NO, + F, —> 2NO,F, the

experimental rate law is r=K[NO,][F,]} Propose the
mechanism of reaction.
. The reaction 2NO,Cl — 2NO, +Cl, has
experimental data that rate = K[NO,CI] . Propose the
mechanism.
. The decomposition of 4 and B obeys I order with
half-life 54.0 and 18.0 minutes respectively. If
[4]o =[B], then after how much time the ratio of
concentration of 4 and B will be 4:1and 1 : 4respectively.
. From the concentrations of R at different times given
below, calculate the average rate of the reaction: R — P
during different intervals of time.
t/s 0 5 10 20 30
103 x[R]/molL™' 160 80 40 10 25
. The initial concentration of [I” ] and [CIO™], are
0.075 M and 0.125 M to carry out a reaction :

ClO” +1I" —> CI” +10”
and rate = K[ClO™][I"]. Derive the rateoexpression in

terms of concentration of C1O™ alone at any time.
. The net rate of reaction for the change :

+ -
[Cu(NH; )4 ]**+ H,O=—=[Cu(NH; )3 H,0)*+ NHj is,

2x _ 5 0x10*[Cu(NH; )4 ] —30x10°

ar
[Cu(NH; )3 H,0]** [NH; Jcalculate :
(i) Rate expression for forward and backward reactions.
(ii) The ratio of rate constant for forward and backward
reactions.
(iii) The direction of reaction in which the above
reaction will be more predominant.
. Gas A(g) shows two parallel path I order reaction as:

_K_l. 2 B(g)

A—

10.

11.

12.

13.

14.

15.

16.

17.

18.

The initial pressure of 4(g) in a container of volume ¥
litre is 1 atm. After 10 sec the pressure becomes 1.4 atm
and after oo time it becomes 1.5 atm. Calculate K, and
Kz.

For a reversible reaction A —— B, if pre-exponential
factor is same for both forward and backward reaction,
show that K¢ = e /AT where AH is heat of reaction.

The rate constant of a reaction is 1.5 x107sec ™" at 50°C
and 4.5x107sec™ at 100°C. Evaluate the Arrhenius
parameters Aand E, . ' (TIT 1998)
The specific rate constant for the decomposition of
formic acid is 5.5x107*sec™ at 413 K. Calculate the
specific rate constant at 458 K, if the energy of activation
i2.37 x10%cal mol ™.

For areaction 4, + B, — 2A4B, evaluate the energy of
activation from the following data :

T(inK) %(K" ) log 1o K

500 2x1073 3.0

200 5x107° 2.0

Calculate the rate constant and half-life period for first
order reaction having the activation energy 39.3 kcal
mol™ at 300°C and the frequency constant
L11x10"sec™.

A reaction proceeds five times more at 60°C as it does at

30°C. Estimate energy of activation.

For two first order reactions having same concentration
of 4 and B at t =0, use the given data to calculate the
temperature at which both occurs with same rate.

(2

Reaction I A—> Z; Ky =10"%\ T
=

Reaction II B—Y; K, =10\ T

The rate constant of a reaction increases by 7% when its
temperature is raised from 300 K to 310 K, while its
equilibrium constant increases by 3%. Calculate the
activation energy of the forward and reverse reactions.
For the reaction A == B, AE for the reaction is—33.0 kJ
mol ', Calculate:

(a) equilibrium constant K for the reaction at 300 K.
() if E; and E, are in the ratio 20 : 31, calculate

E[, Eb at 300 K.

Assuming pre-exponential factor same for forward and
backward reactions.

. The rate of decomposition for methyl nitﬁte and ethyl

nitrite can be given in terms of rate constant (insec ') K,
and K, respectively. The energy of activations for the
two reactions are 152.30 kJ mol~' and 157.7 kJ mol™' as
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20.

21.

22

23.

24,

25.

26.

27.

28,

29,

well as frequency factors are 10" and 10'* respectively
for the decomposition of methyl and ethyl nitrite.
Calculate the temperature at which rate constant will be
same for the two reactions.

Given. that the temperature coefficient for the
saponification of ethyl acetate by NaOH is 1.75.
Calculate the activation energy.

A first order reaction 4 — B requires activation energy
of 70 kJ mol™'. When a 20% solution of 4 was kept at
25°C for 20 minute, 25% decomposition took place.
What will be the per cent decomposition in the same time
in a 30% solution maintained at 40°C? Assume that
activation energy remains constant in this range of
temperature. (IIT 1993)
A given sample of milk turns sour at room temperature
(20°C) in 64 hour. In a refrigerator at 3°C, milk can be
stored three times as long before it sours. Estimate (a) the
activation energy for souring of milk, (b) how long it
take milk to sour at 40°C?

The time required for 10% completion of a first order
reaction at 298 K is equal to that required for its 25%
completion at 308 K. If the pre-exponential factor for the
reaction is 3.56 x10%s~", calculate its rate constant at
318 K and also the energy of activation. (IIT 1997)
Calculate the factor by which the rate of I order reaction
is increased for a temperature rise of 10°C from 25°C to
35°C. The energy of activation is 35 kcal mol™.

A Ist order reaction is 50% complete in 30 minute at
27°C and in 10 minute at 47°C. Calculate the :

(a) rate constant for reaction at 27°C and 47°C.

(b) energy of activation for the reaction.

(c) energy of activation for the reverse reaction if heat

of reaction is 50 kJ mol ™.
At 380°C, the half-life period for the first order
decomposition of H,0, is 360 minute. The energy of
activation of the reaction is 200 kJ mol~'. Calculate the

time required for 75% decomposition at 450°C.
(1T 1995)

The energy of activation for a reaction is 100 kJ mol 1,
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?
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 energy barrier by 20 kJ
mol ', (1IT 2000)

The rate constant for the first order decomposition of a

certain reaction is given by the cquation;
1.25x10
In K(sec™')=1434 - ==

30.

31.

32.

33.

34,

3s.

Calculate :
(a) the energy of activation.
(b) the rate constant at 500 K.
(c) at what temperature will its half-life period be 256

minute? (T July 1997)
For A+B——C+D; AH=20 K mol™; the
activation energy of the forward reaction is 85 kJ/mol.
Calculate activation energy of the reverse reaction.
Two reactions (I) 4A— Products (II) B— Products
follow first order kinetics. The rate of the reaction (I) is
doubled when temperature is raised from 300K to 310 K.
The half-life for this reaction at 310 K is 30 minute. At
the same temperature B decomposes twice as fast as A. If
the energy of activation for the reaction (II) is half that of
reaction (I) calculate the rate constant of reaction (II) at
300K. (IIT 1992)
In the Arrhenius equation for a certain reaction. the
values of 4 and E, (energy of activation) are 4 x 10"
sec™ and 98.6 kJ mol ™' respectively. If the reaction is of
first order, at what temperature will its half-life period be
10 minute? (IIT 19%0)
A compound (R) undergoes parallel path reactions
involving n steps as shown below :

K E

2K, 2E

Py
Py

Py

Where K and E represents rate constant and energy of
activations. Calculate the overall rate constant and
overall energy of activation.
Two [ order reactions having same reactant
concentrations proceed at 25°C at 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.
The decomposition of ammonia on platinum surface
follow the change,

2NH i N 2 +3H 2

(a) What does @J denote?
dN,]  d[H;]

—_— 9

pr and —~ denote?

(c) If'the decomposition is zero order then what are the
rate  of production of N, and H,, if

K=25x10"Ms'?

(b) What does
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36.

37.

38.

39.

40.

41.

42.

dNH3] _ K,[NH;]
dt  1+K,[NH,|
will be the order for decomposition of NH3, if (i)

[NH; Jis very very less and (i) [NH; ] is very very
- high? K and K, are constants.

Dinitrogen pentaoxide decomposes as follows :
N,05 — 2NO, +%oz. If,

~d[N,05]
dt
d[NO, ]
dt
d[gﬂ =K3[N;05]
Derive a relation between X, K, and K.
The decomposition of ozone occurs as 20, (g)—30,,
following the rate law :
_dI03]_ [0:1
dr [0:]
what are the units of rate and rate constant?
The rate law has the form; rate = K[4][B]*2, can the
reaction be an elementary process?
For the chemical reaction,
5Br~ +BrO; +6H" — 3Br;, +3H,0
the rate expression is rate =K[Br~][BrO3][H]?,
calculate:
(a) order of reaction.
(b) apparent molecularity of reaction.

In a reaction, 24 — Products, the concentration of 4

decreases from 0.5 mol litre™ to 0.4 mol litte™ in

10 minute. Calculate average rate during this interval.
The progress of the reaction 4+ nB with time is
presented in the figure. Determine :

(i) the value of n,

(ii) the equilibrium constant, X and

(d) If the rate obeys —

what

=K;[N,0s]

=K3[N,05]

(iii) the initial rate of conversion of 4. (11T 1994)
0.6
So Z
E
g 03 AT

1 3 5 7
Time/hour
A 22.4 litre flask contains 0.76 mm of ozone at 25°C.
Calculate:

(i) the concentration of oxygen atom needed so that the
reaction O +O; — 20, having rate constant equal

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.
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) can proceed with & rate

to1.5 %107 litre mol 'sec
of 0.15 mol litre *sec

- (ii) the rate of formation of oxygen under this condition.

The rate constant for the reaction :
CO, +OH™ — HCO;

in the aqueous solution is 4107 Jitre mo”

Calculate the number of mole of CO, and OH ™~ used up

per second when [CO, Jand [OH™ Jare 107 and 107 mol

litre™'. Also predict the mole of HCO; formed per

second.

For a reaction 34 — Products, it is found that the rae

of reaction doubles, if concentration of A4 is increased

four times, calculate order of reaction.

The rate of a reaction starting with initial concentration

of2 x 10 M and 1 x 10> M are equal 102.40 x 10~ 35~

and 0.60 x 10~ M sec ™! respectively. Calculate the order

of reaction w.r.t. reactant and also the rate constant.

The reaction 24 + B +C — D +2E is found to be

I order in A, II order in B and zero order in C.

(a) Write rate expression.

(b) What is the effect on rate on increasing the conc. of
A, B and C two times?

For24+B+ C —— Products, calculate the -

(excess)
(a) rate expression.
(b) units of rate and rate constant.
(c) effecton rate, if concentration of A is doubled and of
B is tripled.

The rate constant is numerically the same for three
reactions of first, second and third order respectively.
Which reaction should be the fastest and is this tros for
all ranges of concentrations?
Find the order of reaction for the rate expression raw
=K[A)[B]”>. Also suggest the units of rate and rase
constant for this expression.
The rate law of a chemical reaction given below :

2NO +0, —> 2NO,

sec”.

is given as rate = K[NOJ*[0,] How will the rare of

reaction change, if the volume of reaction vessal &
reduced to 1/4th of its original value?

Calculate the order of reaction for which rate becomes

half if volume of container having sanw amount of

reactant is doubled. (Assume gaseous phase reaction)
dv _K@-x) N
& ek “
is the initial concentration of the reactant and K. » are
constants. x is the concentration of product at tme
What is half-life of this reaction?

The rate of a reaction is given by =~
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53.

54,

55.

57.

58.

59.

The rate of a first order reaction is 0.04 mol litre 'sec ™’
at 10 minute and 0.03 mol litre™ at 20 minute after
initiation. Find the half-life of the reaction.  (IIT 2001)
The rate law for the following reaction;

Ester +H' —> Acid + Alcohol, is % =K (ester)
(H;0")°

What would be the effect on rate if :

(a) concentration of ester is doubled?

(b) concentration of H* ion is doubled?

The rate of change in concentration of C in the reaction
24+B —2C +3D was reported as 1.0 mol litre™"

-1 o
sec™" . Calculate the reaction rate as well as rate of change
of concentration of 4, B and D.

. Write the rate law expression and find the rate constant

of the reaction 4 + B — Product. Also calculate half-life

period. (IIT 2004)
[4o] [Bo] Rate [R,]
mol litre ™! mol litre™  mol litre 'sec ™!
0.1 0.2 0.05
0.2 0.2 0.10
0.1 0.1 0.05
For the reaction 4 + B — C, the following data were

obtained. In the first experiment, when the initial
concentrations of both 4 and B are 0.1 M, the observed
initial rate of formation of C is 1x107
mol litre ' minute ' In the second experiment when the
initial concentrations of 4 and B are 0.1 M and 0.3 M, the
initial rate is 90 x10™*mol litre 'minute . In the third
experiment when the initial concentrations of both 4 and
B are 03M, the initial rate is 2.7x107
mol litre ' minute ™.
(a) Write rate law for this reaction.
(b) Calculate the value of specific rate constant for this
reaction. (Roorkee 1987)
For the reaction, 2NO + H, = N,0 + H,, the value of
—‘;—f was found to be 1.5 Pas™" for a pressure of 359 Pa
of NO and 0.25 Pas™ for a pressure of 152 Pa of NO.
The pressure of H, being constant. If pressure of NO was

kept constant, the value of — %}; was found 1.60 Pas ™' for

a pressure of H, 289 Pa and 0.79 Pa s ™! for a pressure of
147 Pa of H,. Calculate the order of reaction.
The data given below are for the reaction of NO and Cl,

to form NOCI at 295 K. i i

[C1,] [NO] Initial rate (mol litre " sec
0.05 0.05 1x1073
0.15 005 3x1073
0.05 0.15 9x1073

60.

61.

62.

63.
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(a) What is the order with respect to NO and Cl; in the
reaction?
(b) Write the rate expression.
(c) Calculate the rate constant.
(d) Determine the reaction rate when conc. of Cl, and
NO are 0.2 M and 0.4 M respectively.
(Roorkee 1993)
The following data are for the reaction A4+B—

Products: -
Conc. of 4 (M) Conc. of B(M) Initial rate (molL7's™)

0.1 0.1 40x107*
0.2 0.2 1.6 x1072
0.5 0.1 1.0x1072
0.5 0.5 1.0x1072
(a) What is the ofder with respect to 4 and B for the
reaction?

(b) Calculate the rate constant.
(c) Determine the reaction rate when the concentrations
of A and B aré 0.2 M and 0.35 M respectively.
(Roorkee 1995)
The chemical reaction between K,C,0,4 and HgCl, is,
2HgCl, +K,C,04 — 2KCl1 +2CO, + Hg,Cl,
The weights of Hg,Cl, precipitated from different
solutions in given time are as:
Time  HgCl, K,C,0, Hg,Cl, formed
(mol litre™") (mol litre ™)  (mol litre ™)

60 0.0418 0.404 0.0032
65 0.0836 0.404 0.0068
120 0.0836 0.202 0.0031

Calculate order of reaction.

For a gaseous reaction24 + B, —> 24B, the following
rate data were obtained.

Rate of disappearance of B, mol litre ™!

A (4] [B:]
1.8%10 0.015 0.15
1.08 x1072 0.090 0.15
5.4x107 0.015 0.45

Calculate : (a) the rate constant, (b) rate of formation of
AB when,

[4]1=0.02 and [B,]=0.04
For a reaction at 800°C, 2NO +2H; - N, +2H,0, the
following data were obtained.
[NOIx10™ [H,]x107? —%d[NO]Idl x107
1

mollitre™  mol litre™  mol litre ' min "
(i) 1.5 40 44
(ii) 1.5 2.0 2.2
(iii) 0.5 2.0 0.24
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65.

67.

69.

70.

71.

72.

What is the order of this reaction with respect to NO and
H,? Also calculate rate constant.

. For a reaction a graph was plotted between reactant

concentration C and time ¢ as shown in figure.

404

Identify the order of the reaction with respect to the
reactant. Can the concentration of the reactant be
theoretically zero after infinite time?
In the decomposition of N,Ojs, the plot between the
reciprocal of concentration of the reactant and the time
was found to be linear as shown in figure. Determine the
order of reaction.
What. will be the initial rate of a reaction if its rate
constant is 10> min ' and the concentration of reactant
is 0.2 mol dm™? How much of reactant will be
converted into products in 200 minute? (Roorkee 1992)
The rate constant for an isomerisation reaction, 4 — B is
4.5%10 > min . If the initial concentration of 4 is 1 M,
calculate the rate of the reaction after 1 hr.  (IIT 1999)
A substance reacts according to I order kinetics and rate
constant for the reaction is 1x10%sec™. If its initial
concentration is 1 M,
(a) What is initial rate?
(b) Whatis rate after 1 minute? (Roorkee 1993)
Show that for a first order reaction, time required for
99% completion is twice for the time required for the
completion of 90% of the reaction.
Show that t,,, / t34 forn th order reaction is a function of
‘n’ alone. 34 is the time required for concentration to
become 1/4 of original concentration.
In a reaction, the decrease in reactant’s concentration is
20% in 20 minute and 40% in 40 minute. Calculate order
of reaction and rate constant.
The rate of a certain reaction depends on concentration
according to the equation :

dc __K.C
TTdt T 1+K,C’
where (a) concentration is very very high, (b) very very
low?

what will be the order of reaction,

74.

75.

76.

77.

78.

. The rate expression for a reaction is ==

Numerical Chemistry
dC _ a-C

& T 1+pC e

a, B >0. Calculate the ¢y, for this reaction.
For a homogeneous gaseous phase reaction
24— 3B +C, the initial pressure of reactant was P°
while pressure at time ‘#’ was P. Find the pressure after
time 2¢. Assume I order reaction.
If a reaction A —— Products, the concentrations of
reactant 4 are Cy,aCy, a’Cy,a’Cy, ... after time
interval, 0,2, 3t,... where a is constant. Given
0<a <l Show that the reaction is of I order. Also
calculate the relation in K, a and ¢.
Starting with one mole of a compound 4, it is found that
the reaction is 3/4 completed in 1 hour. Calculate the rate
constant if the reaction is of:
(a) Iorder.
(b) II order.
The half time of first order decomposition of nitramide is
2.1 hour at 15°C.
NH,NO; (ag.) —> N,0(g) + H,0())

If6.2 g of NH,NO, is allowed to decompose, calculate:
(i) time taken for NH,NO, is decompose 99%.
(ii) volume of dry N ;0 produced at this point measured

at STP. (Roorkee 1994)
In I order reaction, the concentrations of reactants 10 and

20 minute after the beginning of reaction corresponds to

79.

13.8 and 8.25 (arbitrary units). Calculate the initial
concentrations of the reactants and the velocity constant.
Catalytic decomposition of nitrous oxide by gold at
900°C at an initial pressure of 200 mm was 50% in
53 minute and 73% in 100 minute. (Roorkee 1990)
(a) What is the order of reaction?

(b) Calculate velocity constant.

-+ (¢) How much will it decompose in 100 minute at the

80.

81.

same temperature but at an initial pressure of
600 mm?
The decomposition of N,Os according to equation
2N;05(g) — 4NO,(g) +0,(g) is a first order
reaction. After 30 minute from start of the decomposition
in a closed vessel, the total pressure developed is found
to be 284.5 mm of Hg and on complete decomposition,
the total pressure is 584.5 mm of Hg. Calculate the rate
constant of reaction. (IIT 1991)
At 100°C, a gaseous reaction 4 — B +2C,; is
observed to be of I order. On starting with pure 4, at the
end of 14 minute, the total pressure was found to be
264 mm of Hg. After a long time the total pressure of the
system was 450 mm of Hg. Calculate :
(a) initial pressure of 4.
(b) rate constant of reaction.
(c) half-life period of reaction.
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82. Arsine decomposes on heating to give As and H,. The

83.

85.

87.

89.

91.

decomposition studied at constant
temperature gives the following data.
Tin hr. 0 5.5 6.5 8

P in atm. 09654 1.06 1.076 1.1
Calculate velocity constant, assuming first order
reaction.

The half-life period and initial concentration for a
reaction are as follows. What is order of reaction?
Initial concentration 350 540 158

hiz 425 275 941

volume and

. The inversion of cane sugar proceeds with constant half-

life of 500 minute at pH = 5 for any concentration of
sugar. However, if pH = 6, the half-life changes to
50 minute. Derive the rate law for inversion of cane
sugar.

Hydrogenation of vegetable ghee at 25°C reduces the
pressure of H, from 2 atm to 1.2 atm in 50 minute.
Calculate the rate of reaction in terms of change of :

(a) pressure per minute.

(b) molarity per second.

. The following data were obtained for the decomposition

of NO in contact with gold surface at 900°C. Find the
O.R.

Time (in minute) 15 30 45 65 80

% decomposition 17 32 445 57 65
Ethylene is produced by :
C4Hg —2-2C,H,

Cyclobutane
The rate constant is 2.48 X 10*sec™!. In what time will
the molar ratio of the ethylene to cyclobutane in reaction
mixture attain the value (a) 1, (b) 100?

. A drop of solution (volume 0.05 mL) contains

3.0x10°% mole of H'. If the rate constant of
disappearance of H' is 1.0 10" mol litre 'sec™". How
long would it take for H" in drop to disappear?

The decomposition of C1,0 at 400 K in the gas phase to
Cl, and O, is of I order. After 55 sec at 400 K, the
pressure of CL,0; falls from 0.062 to 0.044 atm.
Calculate :

(a) The rate constant.

(b) Pressure of Cl,0, after 100 sec.

. While studying the decomposition of N,Os(g) it is

observed that a plot of logarithm of its partial pressure
versus time is linear. What kinetic parameter can be
obtained from this? N

The following data represent for the decomposition of
NH,4NO, in aqueous solution.

Time in minute 10 15 20 25 o0
Volume of N, (inmL) 6.25 9.0 11.40 13.65 33.05
(a) Show that reaction is of I order.

92.

93.

94.

9s.

96.

97.

98.

99.

(b) Calculate velocity constant.
Derive O.R. for the decomposition of H,0, from the

following data.
Time in minute 0 10 20 30
Volume of KMnO, needed forH,0, 25 16 10.5 7.09

Derive the O.R. for decomposition of H,0, from the
following data.

Time in minute 10 15 20 25 =
Volume of O, givenby H,0, 6.30 8.95 11.40 135 35.75
The kinetics of hydrolysis of methyl acetate in excess
dilute HCI at 25°C were followed by withdrawing 2 mL
of the reaction mixture at intervals of (7) , adding 50 mL
water and titrating with baryta water. Determine the

velocity constant of hydrolysis.
t (in minute) 0 75 119 259 ==
Titrevalue inmL) 19.24 24.20 26.60 3223 42.03

In the inversion of cane sugar in presence of an acid. the
following polarimeter readings are obtained.
Time in minute 0 30 9% 230 e
Rotation in degree+46.75 +41.0+30.75 ~12.75-18.75
Calculate rate constant.
The gas phase decomposition of dimethyl ether follows
first order kinetics,

CH;0CH;(g) — CH4(g) + Ha(g) + CO(g)
The reaction is carried out in a constant volume coatainer
at 500°C and has a half-life of 14.5 minute. Ininalty caly
dimethyl ether is present at a pressure of 040
atmosphere. What is the total pressure of the system after
12 minute? Assume ideal gas behaviour. (IIT1993)
The reaction 4 +OH™ —— Products, obeys rate law
expression as,

~dl4) _ _
—— = k{4][OH")

Ifinitial concentrations of[4]and [OH ™ Jare 0.002 Afand
0.3 M respectively and if it takes 30 sev for 1% 4 to react
at 25°C, calculate the rate constant for the reaction.

For the non-equilibrium process, 4 + B — Products. the
rate is first order with respect to 4 and second order
reaction with respect to 8. If 1.0 mole cach of 4 and 8 are
introduced into 1 litre vessel and the initial rate were
1.0x10™ mol/litre-sec, calculate the rate when halt' of
the reactants have been used.

Two reactants 4 and B separately shows two chemical
reactions. Both reactions are wade with same inital
concentration of each reactant, Reaactant 4 fllows tirst
order kinetics whereas reactant & follows second order
kinetics. If both have same halt-lives, compare their rates

(a) at the start of reaction (b) atter the lpse of oe hatfs
life.

100. A vessel contains dimethyl ether at a pressure of 0.4 atm.

Dimethyl ether decomposes as:



101.

102.

103.

104.

105.

CH3;0CH;(g) — CH4(g) +CO(g) + H, (g)

The rate constant of decomposition is 4.78 x 10> min .
Calculate the ratio of initial rate of diffusion to rate of
diffusion after 4.5 hour of initiation of decomposition.
Assume composition of gas present and gas diffused
remains same.

Some PHj(g) is introduced into a flask at 600°C
containing an inert gas. PH, proceeds to decompose into
P4(g) and H,(g) and the reaction goes to completion.
The total pressure is given below as a function of time.
Find the order of the reaction and calculate the rate

constant, (Roorkee 2001)
Time (sec.) 0 60 120 oo
P (mm Hg) 26240 27290 27551 276.40

Decomposition of H,0, is a first order reaction. A
solution of H,0, labelled as 20 volume was left open.
Due to this some H,0, decomposed. To determine the
new volume strength after 6 hr, 10 mL of this solution
was diluted to 100 mL. 10 mL of this diluted solution
was titrated against 25 mL of 0.25 M KMnO, acidified
solution. Calculate the rate constant for the
decomposition of H,0,.
A certain reaction B"* is getting converted to B "*9* in
solution. The rate constant of this reaction is measured
by titrating a volume of the solution with a reducing
agent which reacts only with B"* and B"*"*_ In the
process it converts B™* to B"2* and B™* o
B D% At =0, the volume of reagent consumed is 25
mL and at ¢ =10 minute, the volume used is 32 mL.
Calculate the rate constant for the conversion of B"* of
B"*¥*assuming it to be a first order reaction. .
The reaction CH;COF +H,0 — CH;COOH + HF has
been studied under the following initial conditions,
Case I Case II
[H,0]p =1.0M [H,0]p =0.02M
[CH;COF], =001 M [CH3;COF], =0.80 M
The variation of concentration with time were noted as:

Casel: Casell :

t/ min [CH;COF] t/min  [H,0]
0 0.01000 0 0.0200
10 0.00857 10 0.0176
20 0.00735 20 0.0156
40 0.00540 40 0.0122

Determine the order of reaction and rate constant of
reaction.

Two second order reactions given below having
identical frequency factors :

@) A — Product

(i) B —— Product

The E,, for first reaction is 10.46 kJ/mol~' more than that
of B. At 100°C, the reaction (i) is 30% completed after 60

106.

107.

108.

109.

110.

111.

Numerical Chemistry

minute when initial concentration of 4 is 0.1 mol dm
How long will it take for reaction (ii) to reach 70%
completion at the same temperature if initial
concentration of B is 0.05 mol litre™"?

The reaction : OCI” +1~ 22501 +Cl" takes place in
following steps:

K
() OCI +H0==HOCI+OH™ (fast)
2
i) 1~ +HOCI—5 HoI+CI” (slow)
K
(iii) OH™ +HOI=H,0+0I (fast)
2

Write the rate expression in terms of rate of consumption
of I".

The reaction : CO +Cl, — COCl, has the following
mechanism. Derive the rate expression:

K
i) Cly==2C1 (fast)
K2
Ki
(ii) CI+CO== COCI (fast)
= 2
(i) COC1+Cl, —X2 COCl, +C1  (slow)

What will be the order of reaction given below?
NH4,CNO — NHZCONHZ
The reaction is completed in three steps as:
(i) NH{CNO=—=NH4NCO (fast equilibrium)
(ii)) NHyNCO=—NH; +H—N=C=0
(fast equilibrium)
(iii) NH; + H— N = C== O—— NH,CONH, (slow)

1
For the reversible reaction in equilibrium : 4 == B.
K2
The values of X, and K, are 2x10~> mol L 'sec™! and
3x107sec™" respectively. If we add 0.5 moles of B in
the equilibrium mixture, initially containing 2 moles of
A. Calculate the time taken for concentration of B to
become equal to 3/4 of the concentration of A at initial
equilibrium. The volume of mixture is 1 L and remains
constant.
For a reversible first order reaction,
Ky
AT==B; K, =10"sec""
Kp

Bey.

and —— =4;If 4y =001 ML and B, =0, what will be

eq
concentration of B after 30 sec?

8 mole of an element undergoes d=composition in three
parallel path following I order reaction giving three new
elements B, C and D with rate constant2 x10~>,3 x 10~

and 1.93 107 sec ™! respectively. What will be the mole
of B after 100 sec.




Chemical Kinetics 431

112. In dilute aqueous H,SO,, the complex diaquodioxalat- ratio of the rate of change of [H” 1o the rate of change of
oferrate(Il) is oxidized by MnO}. For this reaction, the [MnO3 Jis: [JEE (Advanced IT) 2015]

e ey — [

The reaction suggest that 1 mole of CIO™ reacts with 1 mole

1. The rate expression is derived by (ii) step of mechanism, a 7. - -
slower step, thus, of I” at any time. Thus, at any time afier the reaction begins
rate = K [NOBr, ][NO] (D) A[I"]=0.075—[1 Jps
However, NOBr, is an intermediate and thus its A[CIO™ ]=0.125-[CIO" L,z
concentration should be replaced from Eq. (1 - s 3
For step (1), equilibri - K q[T‘(‘O)Bl'z] Also BfF Al § i)
or ; rium constant Ko = ———>~_ =
° ¢ = NOJ[Br, ] Q075—[I Jiea =0125-[CIO™ Jia
5 [NOBr]=K([NOJ(Br, ] 2 or [I" Jiea =[C1O™ Je — Q050
Thus, by Egs. (1) and (2) Rate at any time = K[CIO™ Jis X[I" Lia
rate = K - K [NOJ"[Br, ] =K[CIO Jie x([CI0™ ]z —0.050)
rate = K’ [NOJ?[Br; ] 8. (i) Rate of forward reaction
2. From the slow step, we can have =2.0x107*[Ca(NH;) ¢ " [H,0]
' rate = K[N,Os] Rate of backward reaction
3. The rate = K[NO, ][F, ] implies that slow step of reaction =3.0x105[Cl(Nll; )s H,O]"[_\'ll,]
involves only one molecule of each reacting species, thus o —20x10~
we can have the mechanism as : (i) Also, Ky=20x
NO, +F, 2% NO,F+F 11((" = 3‘0"105_‘
f_20x107 _ -10
NO, +F 22, NO,F B i
~.Overall reaction is 2NO, +F, — 2NO,F (iiii) More predominant reaction is backward reaction.
4. NO,C1 2% NO, +Cl 9. 78—] =K,[4]
NO,Cl+Cl = NO, +Cl, ) _ g 14]
Overall reactionis _ 2NO,Cl — 2NO, +Cl; d[‘B] .
s. (4], =[] € K
= B] _e—KZ’ 3 2
[Bl, =[Blo Let after o time pressure equivalemt W P’ shows
(4] _ Ki+K2)t dissociation to B and I- P"t0 C
(B, (4 3 2P'+1-P’=13
= KK if =—-=4 P’=05am
e (3], Ki_2p 1,
L -F o
or (K,-K,)t=In4 ; ; . 5
(K,-Ky) b 1386 ey i.e,2: 1 is the ratio for the decomposition to B : C.
I=K2 _K, —0.693_9_6_9_3 Now, 1: _— 208 + g
18 a 2X2a I1xa
(4], _1 : fastl 1-a 3 =
L2 _ 15 not possible because B decays fastly. i 2
[Bl, 4 s l—a+—-—+§=l4 a=0.6
[R, - R ]x107 2303
6. A te=——"1T—"""7 r o s _l_ = 2
verage ral TR Also, Ko 10 log o4 0.092
3 > > >
[80-160)x107" _ . 10~ ms™ Ko =K +K;
AflerSsecn =———5 16x 0092=2K, +K,
40—80 Xlo_l 23 -1 K: =00& Kl=0.062
Aﬁerl()secq=-£———§]—_=sxm ms X,
i 10. A wk—_—‘B
- (10-40)x1 =3x10ms™ >
After 20 secry = ———0—— Ky=de ™
2.5-10)x107° _ R ‘L= de B AT
Aﬁcr}Osecr4=—[—-—'T])—"°'75xm ms Ky = de
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12.

13.

14.

15.

K,
K. ==L = oEb=Ea)IRT _ ,~AHIRT
“q Kb
(rAH=E, -E))
E,[T,-T,
031 .._=_ n=h
paa R [ I ]
4 5%x10" _ E, [373 123
2.303lo, a
10 o107 8314(373x323
E, =2.2%10* J mol ™
2.2x104
Now, K =Ae%/RT . 45%x107 = Ae-lll:uln
A=542x10"
Given,
Ky =1, T, =458 K,
K, =55%107, T; = 413K,
R =1.987 cal, E, = 2.37%10*cal mol™’
K, E,[T,-T]
2303log o 22 = Za 1211
0810 7~ X, R T,
K 2.37x10* [453-413]
2.3031 2 -
o810 10 1.987 |458x413
K, =9.38x10"sec™
E,
log o K =logo A= 3305RT
1 i - __E,
or logjo vs.igraph is linéar with slope, 33038
E (3.0-2.0)
sl =—- g, =
P =T 2303xR (2x107 =5x107%)
or _Ea __ 1
2.303x2 3x10°
or E, =1.54x10° cal =15.4 kcal
Given, )
A=1.11x10"sec” E, =393x10%cal mol™",
R =1.987 cal, T=573K
K= Ae—E,,/RT
E,
InK=In4 —ﬁ
1 K= 1 A -_E’_.
o ORIARNSI0LTER0MT
= n___393x10°
log1o K =logyo L1IX10° ~ 553 T 9g7% 573
K =1.14x10* sec”’
0.693
Also, 1y, =——2022 _ — 6078 sec
Y2 14x10™

Given, T, =60+273=333K, T, =30+273=303K,

R=1.987%107 kcal

r=k[Reactant]”  (atatemperatureT)
K

%=-K—2- (attemp. T, and 7))

no_ K,

==5 , ===

n K,

16.

17.

18.

Numericel Chemistry
. (T
2,30310g 9 Ly Ly UZ__/JJ

K~ R 1T,
/4 333~ U3
PR/ — F el 1!/ 4
230310810 5= =5 n,‘m[ A

£, =10.7%7 kes) mod !

n=K[A]
and r=K,lB]
Since, [A)=[B], n=r whn K; =K,
(um) (-em
Thus, 100 T/ =10% 7
i 16— 3000 _ g 2000
%2303 T %2303
|-_L_W__
Tx2.303
' =00 _ 43422 K
or 7= %2303
Rate constant at 300 K = &
Rntccomtanta!ZlOK=k+[l¢x-l—z-6]=l!ﬂlz
ky _EL[T:-Ti)
Thus, 2.303log —= 5 "R ——7,27,'
107k E’ 310-300
230310y 310% 300
Ef 1258.68ul
Now equilibrium constant at 300 K = K’
Equilibrium constant at 310 K = K/ +173th'=1.‘)31('
. K _AH T, -T, .
8] 2.303log =% = 21
sing og —= K| R [ T.Tz ]
2.30310g LO3K” _ AH[310 300]
K’ 310 300
AH = 54989 cal
Since, AH=E! -E?
54989 =125868— EX
E! =708.79 cal
lecn,AH E;-E,=-33K
(a K/=Ae'E/’RT T
Kb =Ae—E‘,/RT & E°
Ke =K1 _ Jes-gryrr """ltA_ti.
Ky Reaction progress
33x10°
= ¢8314x300
= s.s7zx10’ at 300 K
. 20
(b) Given, Ea =3 ad E/-E,=-331

E -3E, =-3310

Ep=3X0- 6013 and £, =+931J
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19.

20.

21.

K = Ae~Ea/RT

For methyl nitrite K, =10'3 [~152300/@314x7)
For ethyl nitrite K,= 10'4 [-157700/(8.314xT)]
if K, =K, then

loll e[-l523W/(l3MxT)] = 1014 e[-]s'nw/(&,“xn]
10= e(+|s77oo-152500)/(a3uxn

or  2.303log,, = 157700152300

83laxT - 1=K

K,
Given, —= Kl =175

T, =25°C=25+273=298K,
=35°C=35+273=308K
(Since, temperature coefficient is ratio of rate constants at
35°C and 25°C respectively.)
2303l0g 10 12 K; Bulla-Ti]
K, R Tn

E, [308-298]
1.987 308x 298
E, = 2:303% 308X 298X 1.987 1 1 75 cal mol-!

2.303log o 1.75=

10
E, =10.27 keal mol
Given, A—>B

and 20% solution of 4 decomposes 25% in 20 minute at
25°C
' Initial amount a = 20

Amount left (a—x)= 20"_70%_15
2.303 20 (.. ;=20minute
Kys ==5= 20 ===log0 ¢ 5 ¢ minute)
_00144mmutc
E, [I-Ti]
Ko _E; U241
Now, 2.303log 0 o T =R T,
Ko 70x10’[ﬂ3;ﬂ]
230310810 3~ “="g314 |313x298
K_w=3872
Ks

K 4 = 005575 min '

¢+ Kas =00144)
Now suppose amount mis left in 30% solution in 20 minute

at 40°C.
2. 303

Ky = log o (a- x)

2 303 30
=22 =
005575 20 0810
m=9.838
% decomposition = (a;m)" 100
- _‘-;_()_’_'i%ls_gx 100=67.21%

22. Given, T’EL’=3; T, =293K and T, =276K

276

E,[I;-T]

R T,

_E, [293-276)

2303log10 3= 553776
5.:1045395@ 10.454 keal

E, [-T1]

R L

This time, E, —10454kn|,r,_3|31 adT, =293K

10.454x10° [313-293]

(@ 2303logo K’ (R=2cal)

(b) Also, 2303logs K’

3
2303'“'“& 2 313x293
K _312
K,
£’.='_z - K‘—l—
Now, K, t3 tme

Also if milk is not soured up o 64 br st 20°C. it will not sour
up to 192 hr at 3°C. Similarly we can have

'3-’2)(—:3_“)(31 =205
2 100
v, 120, 100 T 1
K 308
—=2.73
Ko

Kal _E. [:-h]
R LI,
2.303logyo 2.73_%‘-;7(&‘:”
E, =76.6227k) mol™ =1833 keal med ™
Now, K =Ae 5™
Kag = 356X 10° x ¢ VSIS
=3.56%10° x2.59x 107"
=922 %10 sec™

Also, 2303logyo 2%

Given,
T, =273+35=308 K, T =273+23=298K
E, =35x10°cal mol™, R=1.9387 cal
Ky E, [ -R)
2303 4;4_3_l
logo . R LT
2.3031 = 35x10° (38— 2y
°““’K TIST Soew
ﬁ* =6312 or Ky =6812xK,
1
2. The factor by which the rate constant changes is 6812
R Rate = K[ ]
*. The factor by which rate changes is also G812,

(@) = AL2TC K, -&:%-:.smo*m 1
ALATC K, -w-«nno‘*m"
&L’r_ﬂ

(b) NO\V, 2 303!00 " K r. r‘
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. 3107 320-300)
N ] VR LR (U PR |
B IN10] | S314 C 320%300

E, =380 mol ' ar £, = 43.85 k) mol ™
() Forareaction E,e x ~E 50 = AN
‘:\&Q‘E.&& =-50.0
o Epx =485+50.0=9385 k) mol ™!
26 K, =Qo93 360 min ' 2t 633 K and
E, =200x10%), K,=Yat723K, R=8314]
<~ From2.303log o (K K ) =(E,/R)(T: =R )/ (W)

Ky =0.068 min 30.
R T Y
Now, '=f‘:“—0&\:l\‘8u\%=lm minute
o K=de &R/
Case I, Kl =.(('-"‘\ &k
Case 1. Ky = q4eN0T
K _ e o
Ky & ¢
K SSRT "
or '0&';(—=|°8¢ (AH in kJ)
1
Ky _ 75 __7sx10d .
ot TRT " ialaxes  AHRD
K, . 13
—==235x10
K| >
Since, r=K[ ] = nand[ ]are same for Case I and IL -
2K j3sxa0® '
L

28. Let E, and E. be the energy of activation in presence and

absence of catalyst for hydrogenation reaction, then
K=de 58T
-E, (R xS00)

—E, /(Rx400)

In presence of catalyst: K, = de
In absence of catalyst: K = Ae
Given, the two rates are same, ie., 5 =n: .. K; =K,

Therefore, e 5 (X0 - pmEXA
E, _ E
o Rx500 Rx400
or %=5-«;02° E,-E,=20
E, =100 kJ mol !
4
29. (a) Given, nK =1434 '15;'0
Also we have InK=I!|A—%
Therefore, comparing these two
ET'=|25x|o‘
E, =125x10* xR cal mol ™'

=1.25%10* x1.987 cal mol ™
£, =24.83 keal mol ™

Numerical Chemistry

1.25x10*
500

K =235x10 5 sec™
x = 0.693
256x 60

0.693 1.25x10*
=14.34-
256% 60 3 T

or -10.00=14.34-
T=513K

®) InK =1434- (since T = 500K)

©)

In

125x10*
T

EinkJ

AH of forward reaction = 20 kJ mol ™
Energy of activation for forward reaction
(E;)=85kJ mol™

.. Energy of activation for backward reaction
=E,-AH
=85-20=65 kJ mol !

o A — Products

an B — Products

** 1y for (I) at 310 K = 30 minute

K, at310=%=0.0231min" ()

Rate = K[ ]
and both reactions are of I order
. Ky at310
Also ; SERIY -
given K, at 300 (@)
. Ky at310
Also given, S
& K, at310 -G
Also we have, Eay =4 (@
E, 2
K,at310 E =
Forl: 2.303lo ' = Za | 310 300]
B0 K, at300 R [noxsoo )
K, at310 E =
ForIl: 2.303log,o =11 = Zan [310 300] ;
810 Ky at300- R |310x300] @
Dividing Eq. (5) by (6),
10810 K, at310
o 20
K at300 E, _
g K a0 " BYE®.0)
! K“ at 300
K, at310 Ky at310
logo ———— =21 baded | Bl
or 210 X, at300 0] w[K“ 1300
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3.

3.

Ky at310 [k, at310]
or =
Kl at 300 [K“ at 300] .(8)

By Eqs. (2) and (8),

Ky at310)* _
o [K" at 300 =5
or  Kyat310K=v2K, at300K .9
By Egs. (3) and (9),

2x Ky at 310K =2 (K at 300 K) ..(10)

Ky at 300 K = 2XK1 at310

V2
By Egs. (1) and (10),
Ky at 300 K = 4/2x0.0231
Ky at300K =3.27x1072 min~
=0.0327 min™!
Given,
K=1? -
E, =98.6x10° Jmol™
K= Ae—E,/RT

Now for I order reaction, K = 0.693 _ 0693, -1

06?)%3 —4x10" e-(naxlo’)/uuxr

A=4x10"sec
L= 10x 60 sec
o K = 4x10!3 g~ 86x10°)/8314xT

0.693 _ 13 _98.6x10°
or log, 600 =log, 4x10 B314xT
0.693 _ 13 98.6x10°
or loguo ~g5" = logio 4x 107 ~ g5 S 303xT
T=31135K

In parallel path reactions, rate constant are additive. Thus,
KAy =K| +Kz +...+K,|

n
KAV =K+2K+...+"K =E("+1)K

- AC_E'/RT /RT nE/RT
o Ky = A B8 424, x e 4. 4 nd, xe

...(i)
Ay xe En/RT = 47" +24, x e 2ERT 4 ..
+nd, xe "ERT (i)
On differentiating Eq. (ii)
En o EnirT _ 4 _E_z_e-smr
RT? RT .
2F “2EIRT | 4pd, x-D « e~"E/RT
+2Az ———RTZ Xe " __RT2
Ay +Ep e Eo'"T =Ex A, xe o
+2Ex24, xe E'RT & +nExnd, x Ee™"E
E. xK y =KXE+2Kx2E +...+nK XnE
v =K xE[1?+22 +..n%)

23 +3n% +n
E.w x%(n+l)K =KxE[——T—-]

[n(2n+l)x(n+ l)]
6

Ay

-E/RT

=KxEX

438
o -%x[&wl]
34, For | order reaction 7 = K (C)'
%41(, / K, =temperature coeflicient
2
Let temperature coefficient be 2 Ry Kp oy
Ry Kz
E‘i—.&za . Msaxazaz
Riys  Kis " Ras
si.mlhﬂy, 5.12-:4’
Ris
For I reaction (R7s ); =2° X (Ras )y
For II reaction (Rys )y =3 X (Ras Ju
5
Ros)u _3_ _7.9537 [ (Rys )y = (Rs Ju)
(Rish 2
35. (a) Rate of decomposition of NH;.

36.

37.

38.

(b)Rmoffmmﬁonoszmdtdi[eo]fﬁunm’mofﬂz.

14[NH;] _d[N;] _ 14[H,] _

@ s a Il
%’j—’-]=x=25xw*m“

%:m:uzsxw" =75x10*Ms?

(d) _d[NH3]= Kl[N}lll
dt 1+K;[NH;)
if [NH, Jis very very low [1+ K ,[NH; }=1]

or —%=K.[NH;],:‘.¢., Ist order reaction

ifEiNH;lisvuywyhigh
[NHJ] K| Kl ,[ 1
- = =—=K'|——+K,=K,
a _1 x5 K NH;] © °
[NH;]
i.e., zero order.
For the given change

‘d[N205]=+ld[NOz]=2d[02]
dt 2 d ar

On substitutiug ~alues as given,
KI[NZOS]=%K1[N205]= 2K 3[N,05]

or 2‘1 = KZ = 4"

Unit of rate = mol litre™" time™

Unit of rate constant = time ™

The overall order for reactions is 1.

Thus,  rate =K [Reactant]'
- K=—_rmte _ mollire™ tme™ —
[Reactant]' ol litre ™!

Rate law with order equal to molecularity (necessarily
integer) are elementary process. For the given reaction
O.R.=1+3/2=5/2 . Since, molecularity can never be
fractional and thus, for given reaction O.R. is not equal ®©
molecularity.

Thus, given reaction is not elementary precess.



. Order of reaction = 1+1+2=4

Apparent molecularity = 5+ 1+ 6= 12

40. choﬁuﬂin:%xmofdbpamofd

41.

4“4.

A[4] 05-04
2( A‘) sl 30 ] 0.005 mol L' mimute

Loss in concentration of A in Ist hour = =0.1

0.6-0.5
1

Gmnmconcammome]shar—z—l-O 2
(1)~ 0.1 mole of 4 changes to 02 mole of B in a given time
and thus,

n=2
[BY" _[os]”

(ii) Equilibrium constant, K = - s

=1.2 mol litre™
(- Equilibrium is attained after 5 hr, where [B]=0.6 and
[4]=0.3)
(iii) Initial rate of conversion of 4 = changés in conc. of 4
during Ist hour

=9|'—l=..l-.|i|n"h-u"
(i) The umit of rate constant suggest the second order for
reaction. Thus,
Rate of reaction = K [0; ][O]

N 7 0.76
or  0.15=15x10 [_—0.0821x298x760 [0]

o 0.76 )
('Fﬁ"o’ RT  0.0821x298x 760
[0]=2.45x107* ai,’! for 0=245x107*
P for 0=245x107*
RT
or Py =2.45x107* x 0.0821x 298
=599x107 atm

=599%x10~> x 760 mm = 4.5 mm
(i3) Also, rate of reaction

2 &
- Rate of formation of O, = 2x15=030 mel L™t
. _ dICO,]__dIOH ] _ d[HCO;s]

Rate of reaction = — =z - = Z

Also the unit of K suggest it to be I order. Thus, rate of
reaction
=K [CO,][OH ]=4x107 x107 x10™*
=4x107"" mol L' sec™’
Rate = K (Reactant]" if [Reactant] = @ rate = 5
5 =K[a)" if [Reactant] = 4a; rate = 2
% =K[4a)"

[ e

N |-

Numerical Chemistry

(mh =K[4o]} (a is arder of reaction)
(n): =K[4e]3
(h _ {[Ao]. }
®r |[4o):
_ log(m ) —log(n )
or a=

log [40]), —log{40]2
Iod240x10“] log{060x107*)
log{zxw' 1-log{1x107]
=3 62+4.22 =2
-2.70+3
r=K[47
__L_=2.40>(104
Al TP x10°p
@  Rawe=K[4)'[B[C)*
(b) Let initial conc. of 4, B and C be a, b, ¢ mol litre™

=60 mol 'L sec™!

Then, rmates =K a'b*c® ()
Now if conc. of A, B and C are doubled, i.e., 2a, 2band2c
respectively, then,

n =K(2a)' (26)* (%)’ -(2)

ByEgs (Dand @), 2= - n=8n

. @ Rate = K[4]*[B]'[C]°

(b) Unit of rate = mol litre ™ time ™
Unit of rate constant = L* mel * time
(c)Leunmalconc of A, B and C be a, b, c respectively.

: i =K(a) () (c)° (D)
Now, [4]=2z [B]=3b
] ‘K(?a)’(3b)' ©° Q)
By Egs. (1) and (2), 1 ;—-1—2 an=12n
Consider a reaction A — Product
=K[4) for I order ()
n=K[A}  for[order o))
n=K[AP  forllorder e
-+ K is same in all.
If(4]=1 =m=n
f[4)<1 n>n>n
If[A]>1 n>n>n
Rate = K[4][B}*

2_5

OR =1+52===
+3 3 1.67
Unitofme(—d')i.s-oll."d-e"

Unit of rate constant : rate constant



51.

s2.

dx/dt

= _ mol litre '¢~!
[Reactant]*> (M )” 3
litre
=mol -IIJLau time“'
For, 2NO+0, — 2NO,

Rate = K [NOJ*[0, ]

LaamoleofNOandbmoleofOz be taken to start a
reaction at any time in a vessel of ¥ litre

2
=kl2||2
n K[V] [V] (1)
if volume of vessel is reduced to /4, then for same mole of
NO and O,
a |2
Via| |\Via
-] ;]
Vilv)
By Eqgs. (1) and (2),
: =64 or

& =
...(2)

- r, is 64 times of r,.

Rate = K[Reactant]”
For CaseI: Let amole of reactant in vessel of ¥ litre

" =K[$]. (D)
For Case II : The volume is doubled, rate becomes half

A_gxla I

T_K[ZV] ...(2)
< By Eqgs. (1) and (2),
or 2=(2)" -~ n=1
Note : The above fact is not valid for solution phase reactions.

dx a-x

dt K[l+bx]
On integrating

(1+bx) _

i Idx(a—x) =K [at

dx[1-b(a— x)*"’b]:xjdz

.[ (a—x)

(1+ab) K dt

or fax =2 o) - [dxb=
or —(1+ab)log(a—x)-bx=Kt+C
att=0,x=0

& C=-(1+ab)loga
or —(1+ab)log(a—x)-bx=Ki—(1+ab)loga

or Kt=(l+ab)log[ a“ ]—bx

(a—x)

a
at t=t|,2.x=-5

ba
Kl"; -(l+ab)log[ a/2]_7

=(l+ab)log2—gb2$= log 2+ablog 2—abx Q5
_ log2+ab(log2—0.5)
e

Rate = K x[4]
004 =K[A],p and 003=K[A]xp
(Al _004_4
[A]m 003 3
2.303,  [4lio
Also, == X lo; g[A]20

2303, 4
= =0.0288
. K= =0 = log— 3 min "~

=24.06 min

when ¢ = 10 min.

]0=_zﬂélog_;.

r . 0693 _ 0.693
2= " T 0.0288

Rate = K [ester]' [H;0" ]°

@ n = Klester] [H;0"]°
Let, initial conc. of ester = g, initial conc. of H;0" = b
: =K[a]'[5]’
If conc. of ester is doubled, i.e., [ester] = 2a,then

n, =K[2xa]'[6)°

n_1

n 2
®  n=Ka]'[5]°
If conc. of H;O" is doubled, i.e., [H3 O] = 2b

or rn=2n

n =[a]'[25]°
—=1 or =
’3 n=n

We have,

_1d(4] _ _d[B] _1d[C]_1d[D]
2d Al 2 dr D3 a e ofreaction
? = 1.0mol litre~sec~!
_dl4]_dic) _ a

_d[ —7 10molL sec
_4B)_1d[C)_1_ -1
& =2 g =7=05mol L sec!
diD] _3d[C] _3
5 = a -—xl 1.5 mol L™ sec™!
Also, - Rm:l—d[cl
2 dt

Rate =%xl= 0.5 mol L™ gec™!
Rate = K[4]"[B]"

ForCasel:  0.05= K[01]"[0.2]" (1)
For Casell : 0.10= K[0.2)"[0.2]" ..(2)
For CaseIll : 0.05 = K[0. 1]™[0.1)" ...(3)

By Eqs. (1) and (2), % = (%)"'

Lom=1



.

By Bgs. (1) and (3), 1-(%) . wub
Thus, Rate=X |4]'|1B]® .~OR.=1+0=1
Now 0.08= K[0.1)' [0.2)°

K =008 °o°5 =QSsec™!

For I order reaction, ¢,/ -&?—3 =%§3=lmm"

Let Rate = K[4)"[B)" ‘

@ A =1x10™ = X[0.1)*[0.1)" ()
A =9x10™ = X[0.1)*[0.3)" «Q
A =27x10™ = K[0.3]"[0.3)" e

By Egs. (1) and (2), L = 1x107% _(1)" -
B . " 9x10™ (3)="2

2) and 2=m= l. =
By Bas. @ and 3), 2= 2XI0 (3) - m=l

Rate = K[ 4)' (B8]}
(b) Also, by Eq. (1), 1x10™ = x[a1)'[ay)?
K =10"" =0.1 I’mol *min™!

For Py, constant :
__1 "No =1.5=K(359)" (Ay, )"

_lﬂ. 0.25=K(152)" (P, )"

|.s <(359)"
025 (nsz)

For Pyo constant :
-‘_‘f‘*#-n.oo-(mo)'(m)'

om=2

-% =0.79= (Ryo )" (147)"
1.60 (289)'
079 \147

5 Rate = K[Pyo )’ [Py, '

*. Order of Reaction=2+1=3

For the reaction 2NO+Cl; — 2NOCI

Rate= X[Cl;]"[NO)" (D
where, m and » are order of reaction with respect to Cl, and

NO respectively.

From the given data :
110~ = K[005)"[00S5)" (2)
3x107 = K[Q15)"[Q0S)" (3
9x10™ = K[Q0S)™[Q15)" ()

By Eqgs. (2) and (3), m=1
By Egs. (2)and (4), n=2
(a) . Order w.r.t. NO Is 2 and with respect to Cl, Is 1.

61.

S—
(b) Also rate expression r= K1Q1; ' [NO}Y*

And rate constt, K = A == 1x107 =
i@ [Q.'(NOF _ [a057 [a0sT
=81 mel sec™
(d) Further, r=K[Q1;)'[NOF

= 8[02]' [04) =0.256 mel L " e
(a) Rate = K[4)[B]*
(b) K=4x10~ L mol sec”
(c) Rate =16 x10™* mel L™ sec
Rate = K[HgC1,]"[K:C:04 )"

0.0032 0032 = K[0.0418]"[0.404)" -
0068 _ X10.0836]"[0.404]" Q)
0. :)3031 K[0.08361"[0.202)" ~O
Solving Egs. (1), (2) and (3), we get
!

OR. =m+n=1+2=3
Rate = K[A4]"[B.]"

.. Rate of disappearance of By = K[A]"[B,]"

A =18x10" = K[Q.0I1S]"[Q1S]"  ...(D)

n =108x10™ = K[0.091" [ ..
A =54x107 = K[0.015]" 45" ..(®)
Dand@). L8x10° [aon Jo—
By Egs. (1) and (2), e T m=1
Egs. (1) and 18x107° _ %]' 5 -
By B o Sax10™  Lods ==
< Rate of disappearance of B, = K[0.015]' [0.15]'
SOR=2
Also 1.8x10™ = K[0.015)' (18]

x-unm-u"e-f'

i, (‘a3
= 2% K[4)'(B,)'
= 2x 08X (L02)' (04
=L28x10™
. Lot rate expression be,
r= K[NO)"[H;)" (D
Casel: (NOJX10*wl$ . [NOJ=1S$x10*
(Hy)x10Y md0 .\ [Hy]=40x10
-%ﬂ%qu‘ -dd -%ﬂ:—ol-«xlo‘

+ By Bqa. (1), 44%10* = K[1L$X10*)"[4.0x10' ) ..



Chemical Kinetics

65.

66.

67.

Similarly for case II and III, we can write
Casell: 22x10* = K[1.5x10°)"[2.0x10°]" ...(3)
Caselll: 0.24x10* = K[0.5x10*]"[2.0x10°]" ...(4)
ByEgs.(2)and 3), 2= (2)"
By Egs. (3) and (4), 916=(3)" om=2
- O.R. with respect to NO is 2 and with respect to H, =1
For rate constt. use Eq. (2) withm=2 andn=1

4.4%10* = K[1.5%10*]2[4.0x10°]'

K =4.88%x10"* mol ?L*min""

sa=l

. From the graph it is evident that concentration of 40 reduces

to 20 in 5 minute, 20 reduces to 10 in 5 minute and 10
reduces to 5 in again 5 minute, which shows that half life
period is independent of concentration, a characteristic of a
first order reaction. In a first order reaction the

concentration of the reactant can never be theoretically
zero.

The reaction is of second order, because for Il order,
=l_x
"t a(a-x)
- I
Conc.
Time —=
or kX
K a(a-x)
or time (1) vs. ] graph is linear.
conc.
Since, K has unit min~" and thus, given reaction is of  order
Now Rate=K[ ]'

Rate = 10~ x[02]' = 2x10~* mol dm~min™'

_2303,, _a
Also ¢ OBl T
3 _2.303 _100
107 = 200 log o (100-x)
x= 18.120/0
A—B K=45x10"min"'
[A)o=1M
For I order reaction, K = 2'3{03 log o (a?. x)

att=60min, (a-x)="?

- = 2.303] 1
45%10° =238 10g g

(a-x)=0.7634
Thus, rate after 60 minute = K (a—x)
=45%107 x 07634 =3.4354x10™

439

- -2
68. (a) Initialrate=K[ 1' =1x1072[1]=1x10
Rate =1x10mol L sec”™

) 2303 a
b)Now K= . logio a2
B 2.3031 1
107 =360 EO -5
(- t = Iminute = 60sec)
(1-x)= 0549 )
- Rate after 1 minute = K [ Jafter 1 minute = K [(21549]
=107"[0549]
Rate after 1 minute = 5.49 %1072 mol L' sec™
_ 2303 100 (D) (- a=100;x=99
69. tggv, —Tlogm 100—99 m (
=2303 100 2) (= @=100;x=90)
s = =3 1810 75050 @¢
1og% _ 10810100 _
. gy, 9% 20 ___=2
~ By Egs. (1) and (2), fon 1081010
toge, =2 X 190w,
70. A — Products
_9C4 _ ) (e (. orderisn)
dt 4
1=-n
On imegrating#‘-‘—’)'— = Kt +constant (D
1-n
att=0,C,=Cy .. constant=— ]i" Q)
1-n 1-n
~ByEgs.(1)and 2), -——=Kr—--2
1-n 1-n
20 1 1-n - 1-n 3
or Kt = —("_ l)[C-‘ Cy ::43)

ifCy = CT“ att =1ty;; then by Eq. (3)

1=
Kty = ﬁ[(C_;) -(Cy )"']

(0
o Sl E)
Similarly, if C = CTO att = ty,, then by Bq. (3)
l=n
Kt ) L I &
a4 ‘—("-1)[4 1 w(®
By Egs. (4) and (5), 12 = Pl |
i 4%'a)

Thus the ratio depends only on *a,
71, For zero order reaction : ¢ = % or K=
If =13 =20minute, x=20
)
Then K= -:% =1 mol 1, time ™!

I 1 =140, =40minute, x = 40



74.

Then,  K=40=1molL"time™!
Thus, reaction is of zero order.
_g_ ch z K|
@ +KCo 1 e
(a) IfCis very very high I/ C is smallest and thus negligible.
_dc Kl
d K = constant
Thus order of reaction is zero.
(b)lfClsveryverylow 1+K,C=K’
_d_C ch ”
F =K"-C
Thus order of reaction is unity.
—dC _ _aC
dt  1+BC
-dC(1 -
or +’m)=u-dt or %-dc-ﬂ:a-dt
—InC—-BC =at +constant (D)
att=0,C=Co
~ —InCo —BCo = a0+ constant
or constant = —In Cy —BC,
o By(1l) -InC-BC=at-InCy-BCy
or h%+ﬁ(€.—€)=a-t 2)
; - =&
if t=ty;, C= 2
C, Co
-~ ByEq.(2) lnc‘;z B[Co 2] =aty;
o np=lmaBle -0
24 —3B + C
Initial pressure P 0 0
Pressurc at £ = ¢ P°-2a 3a a

Pressurcat/=2  P°-2x 3x x

Gnven, P°~2a+3a+a=P
P°+2a=P ()
Nowforlordermcbona!umct -
L2300, P° 2303, P
K P~y Eopp @

Let total pressure at ¢ = 2¢ be 4, then P°-2x+3x+x=A4 *
or P°+2x=A

_2303, . P° _2303, P° 6
K= 8 pog ="y B py @
_ 2303 po 1" 4
]

By Eqe. () and () 527 ] e
[2P°-A)- P°=[2P°-P]?
P°-A=2%P°) - (2P°-P)?
@pre-p)*
A=2P°- —p

75.

76.

78.

Numerical Chemistry

For I order reaction : K = 2:303 303 2222 log o "x
Ift=t,a=C, and (a- X)-aCo
K= 220105, Lo 230, 1

c
1f:=zr.a=coand(a-x)-a’co
2303 Co_2303 1

K= . logo ’C e log,oa

2303, 1
T 10810 =

_ _ 2303 Co _
Ifr=3 K==7% |°8|o'——a,C

K comes constant and thus, it is I order reaction.

Also, K =-—2'303 lolno'al
Given, a=1mole, x=3/4 mole, t-lhr
(a) For I order : K=2303 logo (a o

K =-——23l03 log 10 —13 = 2::03 loglo 4

"2

K =1.386 bhr™’

(b) For Il order :
gedoe W oo M 3 8
txa (a-x) 1Ix1 4(1__)
K=3Lmolhr™
_2303
X log)o (a )
t
Ift=-2-, x=%; L= 2]3{03 logo ~ % (1)
2
9%a 2303 a
t =22, =
If t=tggy, x 100° 999, log,o %% ..(2)
100

By Egs. (1) and (2),

]0310 100

= Xt =13.

log 15 2 2 = OJOIOXZI 13.95 hour
Also, mole of N, Oformed = % xmole of NH,NO, taken

99 6.2

= lOOx 6 = 0.099

~. Volume of N, Oformed at STP = 0.099x 22.4 =2.217L
t=10, (a-x)=138
t=20,(a-x)=8.25

t=0,a
K=2'30310810 a
2303 a
K =2303 (1
"o 8o y3g 138 M
2303
K =2303
20 19810555 @

By solving Egs. (1) and (2),
K =5.1x10"? minute™
a=23.09
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79.

81.

K=2 303 108 10

(a 5 (1)
Casel: ao200mm, x«ZOOX%% or xoc100mm

Yy = 53 minute

2303 200 B oz
K, —<W 2 1
) log o T 100—1.307x10 minute
Casell: ao<200mm, xu<200x
100
or Xx o< 146 mm
2‘ :7;30/. =100 minute
_2.303 200
Ky = log;o —=Y = L |
2 00 810200_M6 1.309x 10~ minute

(a) The Eq. (1) gives same value of K and thus, reaction
obeys I order.
® K= K, 42-1(2 - (1.3.o7+1.:o9)><10“2

=1.308 X102 minute™
) tyn=<(a )° for first order reaction and thus, reaction
will proceed to 73% completion in 100 minute if initial
pressure is 600 mm.

2N,05(g) — 4NO,(g)+ 0, (g)
Moleatz=0 a 0 0
t=30 (a=x) 2x x/2
t =00 0 2a al2
++ No. of mole o< pressure developed
a=<Py at t=0
a+2 2845 at  t=30minute
% o< 584.5 at t=o0
Thus, a«l’%éorxxzss.s at =0
xo<33.8 at ¢ =230 minute
a-x0o<200.0
.2 303
K= log o = x)
2 303 233.8 _ 520610~ minute™
K= 20 log o 200

Reaction mixture after a long time or on heating is supposed
to show completion.
A— B + X

atr=0 a 0 0  Molebefore dissociation

atr=t (a-x) x 2x  Moleafter dissociation

at{=co 0 a 2a Mole after complete
dissociation

Let a mole of A are present and x mole of A dissociate in
time ¢.
Also, Total mole at any time o< pressure at that time

a+2x<264 at t=I14minute (1)

3gc450 at t=o° ...(2)

and a<P° at t=0 ..(3)
Let P° is initial pressure

(a) By Egs. (2) and (3),

a1

P°=150 mm
® k=2 303 -
-»By Egs. (1) and (2), xe<57

=3.415x10"* minute™
© tn =0'_?(.92=__06_93__20.29 minute

150
150-57

3415x1072
82. AsH;(g)-—)As(s) + —Hz(g)
Moleatt=0 a 0 0
3x
Moleatt=t¢ a-x x 7
Mole < Pressure  (at constant ¥ and T)
Now a < 0.9654 at t=0hr
a-x+.32£e=1.06 at t=55hr
xo<(0.1892 at t=55hr
bcmg solid and hence, its mole should not be counted for
pressure.
_ 2 303
K= log o (a 5
- 303 0.9654
K 1
15755 °B1009654-0.1892
=396 x 10 hr™*
Similarly, ae<0.9654

X

a—x+7xl.076 att=6.5hr

xe0.2212
2303 0.9654
K, = 2303,
2= 765 8190965402212
=4.00x102hr !

Similarly,  a o 0.9654
a—x+-35x°<l.l att=8hr
xxgzssz att=8hr
_ 2303 0.9654
Ky= lo
3T78 B0 0965402602
=4.08x10 2 hr !
k=Ki+K:+K; _ (3.96+4.00+4.08)x10
3 3
=4.01x102 hr ™!
83. tyy o< (a)'™"
Forl 4250 (350)' "
Forll .. 275 o< (540)' "
Forll .-, 941 (158)'"

By Eqs. (D and @), 423 - (g%g)'
425

log === 276 = (1-n)log =—=— 350

Taking log, .
540

n=2

(1)
)
..3)

84. AtpH= S,thehllfhfels 500 for all concentrations of sugar,
i.e., 1y o<[sugar]® - Thus, the reaction is I order with respect

to sugar.

Now rate = K[sugar]' (H° "
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85.

87.

Alsofor[H'] 12 <[H']"™ . 500e<[107]'""
5010 . 10=(10)""
or 1-m=1 m=0

Therefore, rate = K [sugar]'[H*|°.

(a) Rate of reaction = CNNge inpressure _ 5 1.5
Time in min 50

=—=1. -2 -1
50 1.6 X107 atm min

(b) .+ Change in molarity may be derived by

PV = nRT; P

LY i
V. RT
0.8

n___08 _
V. 0.0821x298 0.0327

Change in molarity _ 0,0327

Rate of reaction = ——— =
Time in second 50x 60
=1.09x1075 mol L sec™!
2.303 a
K= 1 ~a_
7 0g 10 % (l)
’ 2.303 100 -2
Casel: K= ! — =
15 0810 100-17 1.24x10
ifa=100
x=17att=15
. 2303 100 _ -2
Casell: X 30 log o 100-32 1.28x10
(x=32att=30)

2.303 100 -2
r K= —————=131x10
CaseIIl: X 45 log.o1 — 445 X

(x=44.5att = 45)
Thus, all the values of K are same and hence equation (1) is
valid, i.e., reaction obeys I order Kinetics.
C4H; —> 2C,H,
Moleatt=0 a 0
Moleatr =1t (a-x) 2x

Case (a) When —Z__1, then x=%
a-x
-

S 2303 o,
2.48x10

t=

4_ —1635.2second
a
&3
= 27.25 minute
2 . _ 100
Case (b) When ;1—_;—100, then x ]024

t=—2303 1500 & = 15856.9 sec

2.48x10™

102
=264.2 minute

Since, rate constant = 1.0x 107 mol litre ™'sec™"

.. Zero order reaction.

H =—=— ves 1
For zero order e o) (1)

-+ 0.05 mL has 3x 107 mole of H*
% 3
. 1000 mLhas3—"—'—‘:)();‘—‘°= 0.6x10"" mollitre of H*

89.

90.

91.

92.

Numerical Chemistry

~1
= 06%10" L 6,107 second

. B L (1),
VB 1107
C1,0, — Cl; + %02
Moleatr=0 a 0 0

Mole at 1 = 55 sec (a=-x) x Tx/2
(a) Since, pressure of C1,0, is given and therefore,

a o< 0062
(a-x)e 0,044
_ 2.303 a . g =2.303 0.062
K oy “R= e g
K =6.23x107sec”™
(b) Let at ¢ = 100 sec, (a-x)ocP0062
223030, 0062 . p-0.033 atm
6.23x10 100 0g 10 P
Consider I order reaction :
- R
Kt =2.303 l0g|o (a_x)
or Kt=2.303log;o a—2.303log,o(a—x) (1)
In terms of pressure Eq. (1) may be written as,
.o a“Po
(a—x)e=<P

Kt =2.303log o Pp —2.303log o P
or logP=— t+logo Po

K
2.303
Thus, log P vs. time graph is linear with intercept equal to
log P, and slope equal to -K_ Since, linear results are

2.303
given and thus, decomposition may be said to be of I order.
NH4NO; (s) —> N, (g) + 2H, (/)
Mole atr=0 a 0 0
Moleatt=1¢ (a-x) x 2x

The volume of N, formed at any time is proportional to the
amount of NH4;NO, decomposed in that time.

Att=oco Vn, =3305mL o ae< 3305
I Atr=10 Wy, =625mL - X625
I Atr=15  Vy, =90mL s x<90
I Atr=20 VN2 =1140mL Soxec11.40
IV Atr=25 VN, =1365mL o xoe 1365
Now use K= 2.303 loj N

s 810 ——
2 ;03 a—;3 05

Cael K=10 1810 3305-6 75

K =2.0x10" min™*
Similarly, calculate X for each case. The values of K come
almost constant and thus, showing that reaction is I order.
For K, take average of all values of X.
The volume of KMnO, used at any time is proportional to
conz. of H,0, at that time.

Att=0 V=25 a2
I Att=10 V=16 s (a-x)<16
il Atr=20 V=105 & (a-x)e<10.5
M Atr=30 V=709 5 (a=x)e<709
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Nowuse, K= 2503 log o —2—
2 ;03 2

For I K, = £or log o %g =4.46x10"2 minute™
_ 2303

Forll K,;= B log o % =4.34x107? minute™’
_ 2303

Forll K3 =230 10g,, %3—9 =4.20%107 minute™

The values of K come almost constant and thus, confirming
I order reaction. For velocity constant, take average of all
values of K.
93. Volume of O, at any time e Mole of H,0, decomposed
a=<3575
At t=10,x<6.30
_ 2303 35.75
K= 1
10 2°3575-630

At t=15x08.95

2.30

K= 153|°81o
Att=20,xo<11.40

2303 35.75
K =2303,
20 1935751140

Att =25, xo1350

KDy,

=1.94x1072

35.75

px -2
35.75-895 1 02x10

=1.92x1072

35.75
35.75-13.50
Since, K values are constant using I order equation and thus,
reaction obeys I order kinetics.
K =1.92x107? minute™
94. -+ Volume of alkali used o Mole of acid at that time

=1.90x1072

s Atr=0Q e, Vo o Mole of HCI
~Ate=t, e, ¥, o Mole of HCl + Mole of
CH;COOH formed at t =1¢
Att=oo,ie., V.. oMole of HCI + Total mole of

CH;COOH formed
acV.,-Vp ie, total ester
(a-x)o<Va =V, le, left esteratt =1¢
Atr=175

K, =2281010 42.03-19.24 _ 3 27510"* min ™"

42.03-24.20

A 03-19.24
_2303 42.03-19.24 _ 3 7810 min '
K =19 10810 32.03-26.60

Att =259, 10,34
s 2.303 42.03-19. = 3.26)( 10—3 l'nin -1
Ks =559 10810 33:03-32.23
Since, K values are constant and thus, reaction obeys I
order kinetics.

Ao, k=K1Kt 2327107 min™
98, At =0, Rotation r e Mole of sugar + rotation due to
external factor

At? =1, Rotation 7; o Left sugar + rotation due to
external factors

At ¢ = oo, Rotation r.. o External factors

a=Moleof sugare<r =7 atr=0
(a-x)=Leftmole of sugar =7, — 7., atr=t
=230 000 46.75+18.75 _ 3 0610~ min '
30 41+18.75

2303, 4675+18.75_ 3 11x10” min”'
Ky =250 0810307541875

2303, 4675+18.75_ 3 18:10” min”'
K3 =37 10810 55501875

Since,Kvalucsareconﬂzntandﬂnn,mwdmobcysl
order kinetics.
Also, K =312x107 min~
96. CH, - O-CH; (g)— CH4 (g)+H2()+CO®)
Initial P 0.40 atm
Final Pat 12 min. (040-P) P P P
For ideal gas behaviour, Mole o< Pressure
(at constant¥ and T)

(a—x)=<(0.40—P)
log o -
a—x
0.693 _ 2.303 log 0.40
145 12 °'°(0.40-P)
. Pressure of ether decomposed = 0.175

a=<040;
K= 2.1?03

-~ P=0.175 atm

Now, Totalprssme=0.40—P+P+P+P
= 0.40+2P =0.40+2x0.175
=0.75 atm

97. A + OH —— Products

t=0 0.002 03

=130 [ i _0.002x1] [ _0.002xl]

t L0002 100 | LOJ 00 ]

Using o 2.303 log1o b(a—x)

t(a-b) a(b-x)
_ 0.002x1
- osx[o.ooz 0001 ]

- l
30%(0.002-03) &' o 002[0 3 0.002x 1]
- ) 100

K =1.12x10~°L mol 'sec™!
98. Rate = K [4][B]?
102 =K [11[1)? or K =10litre*mol 2sec™
Now, rate; =107 xQ5x(05)?
or New rate =1.2x 10~ mol/L-sec

99, ForA: rate= K ,[A]' (1)
and (t2)a = 01'(693 «(2)
4
ForB: rate= K 3 [B)? «.(3)
and t =1
(t2)e T K, .(4)
where a is initial concentration
(a) Initial rate of 4,7y =K ( Xa
Initial rate of B, ry = K 3 X a*
r, K
Moyl (5

n Ky a
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From Egs. (2) and (4) if (1/2) 4 = (t1/2)s,
then 0693 _ 1
KA KB -a
or K—"=0693x 6
X5 a ...(6)
.. From Egs. (5) and 6)
Ta _0693a _q o3
noa
(b) After lapse of I half-life the new rates are r; and r;
ri=K, x%
’ a 2
73 =KB X(—z-)
h_Kay2
e (7
T4 _ 0693xax2=1386
/] a
[From Egs. (6) and (7)]
100. CH;3;0CH, (g) — CH,(g)+CO(g)+H,(g)
Pressure at 7 =0 04 0 0 0
Pressureat? = 4.5hr 04-a a a a
=4
K—2303l 04
3 2303 04 '
) . A=0.110
4.78x10 4Sx6010g 0.
04-a=0.110 or a=029

101.

Now molecular weight of mixture
_0.11x46+0.29x16+0. 29x 28+ 0.29% 2
0.98

=1878

n _ (1878, 04 _g961 (P, =04;P, =098
- =V 46 <098 (Po =04; Py =098)

4PH, (g)+ Inert gas — P4 (g)+ 6H; (g) + Inert gas
t=0 P P 0 0
t=t (P-4 P 4 ot P
t=e 0 P A s P
=0 P=26240 = PPH; +P|a)
60 P=27290 = Peuyqem) +Prue) + Pz + P
=120 P=275.51 = PPH;(M) +Pp“‘) +PH2(‘) +P|(‘,)

P=27640 = Pp‘(‘) +PH2(') +i’|(x)
2+8 4 p = 27640

4 7P +4P’ = (276.40)x 4 1)
Also,at =0, P+P’=26240 )
—1866mm
=243.74 mm
Atr=60, Pressure=272.90=(P-A)+P'+4.+64

4 4

272.90=18.66— A +243.74 +—4—

102.

Numerical Chemistry

2303,  [PeusJo
~ A=140mm .. K=="—log———
t [Pﬂl; ]60
L2 303 1866
“60 8 (13.66-19)
=2.31x10"|ec
’ A 6A
At =120 Pressure =275.51 = P— A"+ P"+ -+
275.51=18.66— A’ +243. 74+7:
A’=17.48 mm
2.303 1866 _230x10sec™!
K= °8 (1566 17.48) s
. Reaction is of first order.
After 6 hour

Megq. of H,0, in 10 mL diluted solution
=25%0.025x5=3.125
Megq. of H,0, in 10 mL conc. solution
=3.125x10=31.25
Meq. of H,0, in 10 mL of 20 volume H;O, present
initially
68x20x10
= 280017 x1000=35.71
[- 22400 mL O, = 68g H,0,

20mL O, = GsxzogH 0, in1mL
M.Q
2.303 35.71 -1
K= =
3 1033125 0.022 hr
103. B™ — B0+
Millimoleatr=0 a 0 2e+ B™ — B™2*
t=t (a-x) x Se+ B4t g0t
Let normality be N for reducing agent.
Thus,att=0  ax2=Nx25 .. a_—2§N
att=t(a-x)x2 + x5 =Nx32
For B™ for B4+
W=7 or x=l;)v
Now, K=2303)5, 252N _ 2303, 25x6
10 (25_1 10 2x61
2 3

104.

K =2.07x10" min~*
Let rate = K [CH; COF)* [H,0]*
Casel: [H,0]>>[CH;COF)]
Case II: [H,0]<<[CH;COF]

Accorc_ling to Ostwald isolation method, we can assume
[H20Jin excess in case I and [CH; COF]in excess in case I1.
Case I: Using I order for CH; COF (by hit and trial)

K, = 2.303|ogL
2303 oon
K, =
1= ===log —=—— 700857 = 0.0154



Chemical Kinetics

_2303, 001
K, -
20 %8 500735 = 00154
Thus, K., =0.0154

Thus order with respect to [CH; COF]is one ora =1
Case I1 : Using I order for H,0

,_ 2303 0.02
K =2303 -
! 10 0.0176 0.0128 .

2303, 002 _
20 10300156 0.0124
2.303

0.02
a0

L2900 )5g VD2
8 0.0122

K., =0.0125 min™"
Thus order with respect to [H,0)is one or b=1

log

K;=

K3 = 0.0124

Now, rate = K 7 [CH, COF]' [H,O}'
Also, rate = K, [CH;COF]
K 0.0154 ~ g
K,=_21__00154 _ 2 -1
T ={0G6i= 10 1.54x10~ min
: ad X ;
10S. Forl: K et (II order equation) 108.
Given, a=0.1M, x=°-}—3‘03°=o.03, t = 60 min
1 0.03 sy
=—1 x_ 003 _qpn7
K\ = Sox01 < @1-003)  207mn
Also, forI: K, = de 5/AT
Forll': K, = Ae~EalRT
K, = gEa—Ea)/RT _ ,~1046/RT _ £~10:46/8314x107x373
2
_ K, =097 _3 10 min™*
o Ka= e-mwamxlo"xm =0.034
=1_x . g-005;
Now, for II: K, L ata=%) a
= 0—0156);#) = 0.035 109.
N 0.035
~2.10x0.05 0.05% 70)
(o 05 205x
=22.22 min
106. By Step (ii) —2iJ = K[I" JHOCI] »~8)
HOCI][OH ]
By step (i) £=['_‘_‘ sxe)
K, [0CI™][H;0]
L Ki _[H0]0r) (©)
Bystep(il) X7 = [oH" JiHON
By Eqs. (b) and (a)
o L) g K OO
? (OH"]
Ky [OCI (199
*K; [OH)
[Since[H,O)is constant]

445
—d[I']_  [0CI")IT']
dt [0H ]
107. Byswp(m)M-Ks[COCl][Clzj (@
Cl 2
By step (i) KT = {Cﬂz] ..0)
) K{ _ [coc.
Bystp@ g ={cojcn o
Thus from Egs. (b) and (c)
[cocl)= 5t [Colx‘, el

From Egqs. (a) and (d)
d[COCl,] _ iy Ky (K 1
& K,

ACOC] _ x-rconc,

) [COJ(CL, 12 [Cla]

The rate of formation of urea is given by Eq. (iii)
dleal _ k[NH, )[HNCO]

dt
By step (ii) we have : LN[:;‘LN—HSS]()] =

...(@)
a .6

By step (i) we have :
~. By Eqgs.

...(c)

(b) and (c)
[NH; J[HNCO] =K, - K¢, [NH,CNO]
. By Egs. (a) and (d)

ﬂ;ll:l;l =K K¢, -Kc,[NH,CNO]
d[uml

Tar

(D)

= K'[NH,CNOJ

Ky
——

K2
2 mol litre™
(2- X) mol litre™
Ky =2x10" mol L'sec™
K, =3x103sec
ZX 2 A]"
At equilibrium

A B

0
X

(zero order)
(Ist order)
K,[B)'

%=o o 0=K, - Ky[X)y

=K,

Initial eq. 1.34 0.66
Moles added ateq. 1.34 066+ 0S5 =116
Addition of B will bring backward reaction
attime ¢ (L34+X) (1.16-X)
(8)=3(Aliy =3x1.34 =1.005

(1.16- X)=l.005 S X =0.1S55
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110.

Now, % =K, -K,[X]=066K, —K, X = K,[066—X]
dx = .
7% g T
or —2.303l0g(0.66— X )= K, -1 +C
at t=0, X=0
C=-23031080.66 .. K,-t=2303log
2303 0.66
1
3x10° B 0.66-0.155
Ao — B
0.01 0
0.01-x,, Xeq.
[B]eq. - 10_2 il [x]eq.
[4)., K, 0.01-[x],,
K, =025x107
and X =224 = 0,008

0.66
0.66— X

t= =89.24 sec

[*]eq.
[-x]eq. -Xx

0.008
(0.008—x)

__ 2303
(K;+Kp)

30= _2:303
1.25x1072

=1.455

log

0.008
0.008—x
x=2.50x1072

Numerical Chemistry

0.002 B
111. 4 0003 ¢
0.00193 D

What is pressure of B after 100 sec.
K, =0.002 +0.003 + 0.00193

=0.00693

Mole of (4) Left Kz = 2.303 log fj_] =0.00693 x 100
8
=2303 log 3=
7
8 _ 0.00693x100 _

IOgm—————2.303 0.3010

8 _

[4]

mole of (4) left=4
[4] decomposed = 8 — 4 = 4 mole

0.002 i3
0.00693X4XI—L154

MnOj +[Fe(H,0),(C,0,4),]1> +8H' —
Mn?* +Fe* +4C0, +6H,0
_4MnOy]_ 1d[H]
dt 8 dt

mole of B formed =

112.
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7.

10.

11.

12,

. A straight

. The decomposition of equal mole of two reactants P and

Q obey I order kinetics with half life 54 and 18 minute
respectively. If both are allowed to run for 54 minute.
The ratio of mole of P and Q left after decomposition will
be

. A reaction obeys II order kinetics. If the half life period

of the reaction is equal to its average life, then the value
of reactant concentration at r =0 is

. A straight line with negative slope was found in graph of

log, K vs. % with an angle of 45° with y-axis. The energy

of activation is ...... cal.

line was obtained on

plottin,

) dx — ; dx
0810 s vs.logg(a —x)" with an intercept on log @
axis equal to 0.6021. The rate constant for the reaction is

...... litre" ' mole!" ¢!,

. Energy of activation for a reversible reaction is 6 kcal

(E, forward) and heat of reaction is -3 kcal. The energy
of activation for backward reaction in keal is ......

. A reaction occurs in ‘n’ parallel paths. For each path

having energy of activation as E, 2E, 3E, ...nE and rate
constant K,2K,3K,...nK respectively. If E,y =3E,
thennis ......

If —[dtﬂ =34 ghr™! for the reaction

N, +3H, +=2NH;
d[Hz] . hr—l
then — 1. —— g i

The half-life period of a reaction, becomes 16 times
when reactant concentration is halved. The order of
reaction is ......

; B
The half lives of two parallel path reaction 4 —': c

are 4 hrs and 12 hrs respectively. The average half-life
for the decay of 4 is ......

The unit of rate constant for a reaction is litre“mol ¢~
The order of reaction is ......

For the I order reaction 34 — 2B, the concentration of

A and B at the intersection is given in figure.
B
[A]

ttime
if[4]o =20 mol litre ™' then[B]attime isequalto......
For the reaction : 24 + 3B == cC rate of formation of C
is expressed as

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24,

diC)__3dA)
e~ dt

The value of cis :
The order of reaction for H, + Br, — 2HBr if it is
carried over water is :
The decomposition of NH; on solid surface, eg, Pt
shows the order of reaction equal to :
The time required to complete 99.9% decay is ......
times of the time required to complete 90% decay.
The rate of decomposition of a substance increases 2.25
times of concentration of reactant is increased by 1.5
times at same T. The order of reaction is :
For an elementary reaction 4 —> B shown in the

figure.

[Alo
B

[Alo
2 : \

[Blo

ttime
The sum of slopes for curve 4 and B at the intersection
point is:
In the above curve if rate constant for A is 0.34660, then ¢
is:
The half life period for a reaction is 50 minute. If initial
concentration is halved, the half life period is reduced to
25 minute. The order of reaction is :
For the reaction involving single reactant C, /> is
found to be constant, where C, is initial concentration
and ¢y; is half life. The order of reaction is ......
Energy of activation for free radical combination is
For the reaction

C6H5(l3HBr .. NN csns-cl:u-ou +Br,
CH, CH,
rate law was found as :
Rate = 4.8x10~° [Br™ J[OH ]+24x10* [Br)
If the concentration of OH™ is 0.001 A, the % by which

Sz path is followed is ......

A certain substance 4 is mixed with an equal amount of
B. Attheend of 1 hr, 4 is 70% reacted. How much % of 4
will be left unreacted at the end ot 2.5 hr, if the reaction
with respect to 4 is of' 1 order ?
The rate of reaction depends on concentration as
% . K 1ec, veing very i

@ mTEKC, Ca ing very high, then order of

reaction is ......
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26.
27.

28.

29.

30.

A chemical reaction occurs in three paths having rate
constants K|, K, and K5 respectively. If E, , E,, and
E,, are 1% 4, 8 kJ respectively and overall rate constant
K= 1'(—2’ Assuming A4,, = A::
of activation in kJ is ......

tog6% =t1/2 X a ; the value of g is ......

Half-life of a reactant was found to be 9 hours, when
1.0 M reactant was allowed to carry out reaction. If
0.5 M reactant was taken then half-life was found
45 hours. The order of reaction is ......

For a consecutive I order reaction of both the steps

A2 B X2, € 1620 Mof A are taken and K, = 2K,
the maximum concentration of B will be ...... M
Two first order reaction involving reactants 4 and B
have the same frequency factor and activation energy
of 4 is 10.46 kJ more than B. If 4 dissociates 30% in 60
minute at 100°C, the time taken in minute to dissociate
70% at the same temperature.

The rate of gaseous reaction expressed by r = K[4][B].
If pressure of gas A4 and B are doubled at the same
conditions, the rate of reaction will be increased by
...... times.

2 the overall energy

31.

32.

33.

34.

35.

Numerical Chemistry

10 mole of a radioactive element undergoes decay follow |
order to give three products B, C and D with rate constant
0.002, 0.003 and 0.00193 sec”! respectively. How much
mole are decayed in 100 sec.

For a given reaction 4 — B, temperature coefficient is

constant. If Ksse _ 8 what is the value of Kese in nearest
Kasc Kisc

possible integer. X is rate constant.

The rate of decomposition of HI is given by; rate = K[HI)?.
The rate constant K is 1x107° litre mol'sec™ at 600 K.
Find out the number of moles of HI x 10" decomposed in
first second when HI sample is taken in 1 litre container at
1 atm pressure.

The concentration of R in the reaction R — P was
measured as a function of time and the following data is
obtained.

[R](molar) 1.0 075 040 0.10
t (min.) 0.0 005 012 0.18
The order of reaction is: (IIT 2010)

An organic compound undergoes first-order deoomposmqn.
The time taken for its decomposition to 1/8 and 1/10 of its
initial concentration are #,,5 and #;,;o respectively. What is

the value of[[‘i’-”l] x10?(takelog,o2=0.3)  (IIT2012)
1710

] —wmEm—e Il

1. Four 2. One

3. Two 4. Four 5. Nine 6. Four 7. Six

8. Five 9. Three 10. Three 11. Eight 12. Six

13. Zero 14. Zero 15. Three 16. Two 17. Zero 18. Two 19. Zero 20. Three 21. Zero 22. Two 23. Five 24. Zero
25. Nine 26. Eight 27. Zero 28. Five 29. Seven30. Four 31. Five 32. Eight 33. Four 34. Zero 35. Nine



' Chemical Kinetics

1. The rate of combination of free radicals :
(a) increases with increase in temperature
'(b) decreases with increase in temperature
(c) dependent of temperature !
(d) altogether different for different reactions and

independent of temperature

‘2. A consecutive reaction P —X1_, 0—%2 ;5 Rleadsto:
(a) maxima in [P]if X, > K,
(b) ma.xima' in [Q] lfK] > Kz
(c) maxima in [Q]if K| <K,

3. At the intersection point of two curves n4— mB, the
concentration of B can be given by assume I order :

[Alo
(.
Conc. [A]
Time
m
@ —"—[4lo () T[40}
. n
(©) —"~[4o) (@ —"—[4o]

4. Select the incorrect statement :
(a) Half-life period of all reactions decreases with
increase in temperature.
(b) Half life period of I order reaction is always cqnstan}.
(c) Higher is rate constant of a reaction, lesser will be its
energy of activation. ' .
(d) Rate of reaction whether exothermic. or endothermic
usually increases with temperature.
5. The rate constants of three reactions involving reactant A
only obeying I, II, LI order respectively is same. Which
of the following is true ? .
@ nr>n>nif[d]>1  ®G)n>n>n if[4]<1
() n=n=nif[d]=1 (d) A_ll of'thesc .
6. log, K vs.1/ T plots shows a straight line having slope of
120° and intercepts on the Y-axis of 2, then :
(a) E, =8.0 cal, 4=100
(b) E, =8.0cal, 4=2
(c) E, =3.46.c¢al, 4 =7.38
(d) E, =3.46 cal, 4=100 .
7. The temperature coefficients of two reactions are 2 and 3
respectively. Which would be correct for these

reactions?
(a) E,, <E,, () E,, > E,, _
() E,, =E,, (d) Nothing can be said

12

@ Ks[

10.

11.

H

13.

14.

A reaction occurs in three rate dctmmmng steps luvmg
rate constants K, K, and K3 respectively and arrehenius
factor A,, Ay, A3 respectively. The overall rate constant

= K;{Kz . If energy of activations for each step is

3
E, ,E,, and E,, respectively, then overall energy. of
actiavtion is :
(a) E,, +E,, +Eg,
(b) E"l X az
E,,

(C) Ea| +Eaz —Eag

Ea| 3 Enz + KJEaj ]

K, K KK
d[4]

For a I order reéction T = K[A]o. The reaction is

carried out by taking 100 mol litrle". of A, then
concentration of A decayed aﬁertimeEis:

(a) 53.21 mol litre ™! (b) 36.79 mol litre::
(¢) 61.21 mol litre™* (d) 26.79 mol litre
210°
For two I order reactions : 4 — B; K, =10’ T
10

C—D; K,=10%e T
The temperature at which both have same rate if
[A]=[C]is made initially :
(a) 707.2°C (b) 434.2°C
(c) 727°C (d) 7072 K
H,0 and oxygen atoms react in upper atmospheric level
bimolecularily to form two OH radicals having heat of
reaction 72 kJ at 400 K and energy of activation being
77 kJ mol™' . E, for bimolecular combination of two OH
radicals to form H,0 and O-atom is :
(a)-SkJ ®)+5k)
(c)-10kJ @d+10kJ
The rate of appearance of NO, (in atm m™") following
the reaction, N,04, — 2NO, when initial pressure of
N;04 is reduced from 0.50 atm to 0.25 atm in 5 minutes

is:

(a) 0.1 ()02

(c) 0.25 (d)03

At 3 km altitude, water boils at 90°C and 300 seconds are
taken to cook a ‘3 minute egg’. The temperature
coefficient for the process of cooking is :

(a) 2.66 (b) 1.66

(c) 3.66 (d) 0.6

The rate constant, the energy of activation and the
Arrhenius parameter of a chemical reactions at 25°C are
3.0x10™sec™!, 1044 KImol™" and 6.0x10"sec™!
respectively. The value of rate constant as T—— oo is :
(2) 2.0x10'"8sec™ () 6.0x10"sec™

(c) infinity (d)3.6x10*°sec™!
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15.

16.

17.

18.

19.

21.

Select the incorrect statement :

(a) Rate of exothermic reactions increases with increase
in temperature.

(b) Alkaline hydrolysis of ester is irreversible reaction.

(c) For N, +3H,=——2NH,; if rate of formation of
NHj3 is 0.001 kg hr, than rate of consumption of H, is
0.0015 kg/hr.

(d) In Arrhenius equation :

K=Ae" T T 5 K=4

. . K K2
A consecutive reaction : A —— B —— C shows a :
(a) Maxima in the concentration of 4
(b) Maximum in the concentration of B
(c) Maxima in the concentration of C
(d) None of the above
For the unimolecular reaction 4 — B, the figure given
below shows that at the time ¢ curves represents :

6

5

4

3

2

1

ot
Thus ¢is :
@) ty3 ®) 42
(©) ta3 () ty4

If cis the concentration of n mole of gas at pressure P and
temperature 7', then for the ideal gas reaction, the rate of

reaction can be given by:
d14] S 1dp
@ -~ ®) %7 ar
1dn :
i e d) either of these
) > (d) either o

Decomposition of HI on gold surface is zero order
reaction. Which of the following graph correctly
represents this reaction?

(B) P‘ HI (b) P /Hz

e IZ\LHI
time

———HI

H,
time
© P 2 @ ¢ o

HI H,

time time

The reaction 4 — B + C has rate constant1x10~> Ms ™.
If one starts the reaction with one mole of 4 than ¢;,, and
completion of reaction time would be:

(a) 1000s,500s (b) 500 s, 1000 s

(c) 750 5, 400 s (d) 400,800 s

The half of a gaseous compound (4(;) — B(y)) initially
at 2 atm is 200 sec. If the initial pressure is taken as 1 atm,
the halflife reduces to 100 sec. The order of reaction is:

22

23.

24,

25.

26.

27.

28.

29.

Numerical Chemistry

@0 ()1

()2 d)3

Which one is incorrect statement?

(a) Always E, > AH for an endothermic reaction.

(b) E, < AH for an endothermic reaction.

(c) E, = AH for an exothermic reaction.

(d) Always E, < AH for an exothermic reaction.

For a I order reaction which one is not correct?

(a) The concentration of product increases linearly with
time

(b) The concentration of product increases exponentially
with time

() The degree of dissociation ‘e’ is given by 1— e™

(d) The reaction never goes for completion

Select the incorrect statement:

(a) A spontaneous reaction is not necessarily a fast
reaction.

(b) Larger the activation energy, greater is the effect on
rate constant with rise in temperature.

(c) The reactivity of bromine is more in liquid state than
in vapour state.

(d) Reactions with low energy of activation are fast.

For the process 203 — 30,, mechanism is:

fast slow
0;—0,+0 : 0+0; —20,;.
The rate law is:
(a) r=k[05 ] () r=k[03)*-[0,]"
©r=k[0s]10;] (@ r=k[03)*:[0;]"
The rate constant of a reaction depends on :
(a) temperature
(b) initial concentration of the reactants
(c) time of reaction
(d) extent of reaction
The specific rate constant of a first order reaction
depends on the:
(a) concentration of the reactant
(b) concentration of the product
(c) time required to complete half of the reaction
(d) none of these
For an endothermic reaction AH represents enthalpy of
the reaction, the minimum value of the energy of
activation will be:
(a) less than AH (b) zero
(c) more than AH (d) equal to AH
The rate constant, the activation energy and the
Arrhenius parameter of a chemical reaction at 25°C are
30x10™s™', 1044 kI mol™ and 60x10™s™
respectively. The value of the rate constant as T — o is,
(@) 2.0x10"% 5! ()6.0x10" 57!

(c) infinity (d)3.6x10% ™!
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30. The variation of rate constant X for a given reaction with

31

32.

33.

3s.

temperature is given by the expression :
InK; =InK, +(1‘L3)T

10
The value of temperature coefficient is :
(@2 ()3
(c) 4 @s

Reaction 24 +B —X, ¢ +D, shows first order with

respect to 4 and second order with respect to B. The
reaction was allowed with molarity aq M of 4 and 2ay M
of B at ¢t =0.If after time ¢ = 30 minute the molarity of C
a

was —=, the rate of reaction after 30 minutes can be
written as :

(a)r="f:3 (bh:%

©r= 24761: ab @ r=%

The rate expression for a reaction is —%—f = ?-Ec (o and

B> 0). The half life of the reaction can be given by :

1 Cy
(a)é—ln2+ﬂco (b)am2+%°
(c)ln2+§;—° (d)1n2+%
Rate constant for nth order reaction is given by :

1 1-n 1-n
= Ccy"-C
K-t -1 [C4 o]
2 ta .

Thus, for a reaction of nth order, the ratio of ﬁ is :
(@2" ®2""

2"

1-n d

©?2 Chr

. With respect to the figure given below which of the

following statements is correct?

' Reaction path—
(a) E, for the forward reaction is C — B
(b) E, for the forward reaction is B — 4
(€) E; (forward) < Ea (backward)
(d) E, (for reverse reaction) =C — 4
A consecutive reaction : 4 X, B X2, Cshowsa:

(a) maxima in the concentration of A
(b) maximum in the concentration of B

36,

37.

38.

39.

41.

(c) maxima in the concentration of C

(d) none of the above '
For the unimoleculsr reaction A ——> B, the figwre grven
below shows that at the time / Curves fepresents :

S =-Nwao

Thus ¢ is given by :
(a) 43 (b) 42
©) ts @) 14 )
The rate of a certain reaction depends on concentration
according to the equation :

_dc __KC

dt " 14 K,C

The order of reaction, where (i) concentration is very
very high, (ii) very very low will be respectively :

(a) zero, 1 (b) 1, zero
©1,2 @1,1
The reaction : CO +Cl, — OOCl;, has the following
mechanism.
K
G Cl, K='2c1 (fast)
2
-
(i) cn+co%_coc1 (fast)
2
(i) COCI+Cl, =5 coat, +Q (slow)
The rate expression will be :

(a) r=KICOJ[C1, ] (®) r=K[OO)Q, P>

(©) r=K[COP[Cl,]  (d)r=[COP>[,]

What will be the order of reaction given below ?
NH,CNO — NH,OO0NH,

If the reaction is completed in three Steps as :

(i) NH,CNO =—= NH,NCO (fast equilibrivm)

(i) NH{NCO == NH; + H—N=C=0

(fast equilibrium)

(i) NHy + H—N=C=0 — NH,CONH, (slow)

(a)2 ®)3

©1 (d) zero

. The temperature coefficient of a reaction is 2. By what

factor, the rate of reaction will increases whem

temperature is raised by 30°C :

(a) 21 ®)6

(c)8 (d) 16

Select the wrong statement :

(a) Rate of chain reaction involving nascent atoms and
free rdicals as intermediate depends on shape of the
vessel
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42.

(b) Energy of activation
unimolecular reactions

(c) Reaction having rate independent of conccnn'atlon,
never goes to completion

(d) Stoichiometry of reaction does not indicates its order

The trans — cis isomerisation of 1,2-dichloroethylene -

proceeds with an activation energy of 55.5 kcal mol™.
The heat of reaction at constant pressure for above
transformation is 1.0 k cal mol™'. The activation energy
for cis — trans transformation of 1,2-dichloroethylene

s

43.

45,

(a) 56.5 (b) 54.5

(c) 55.5 (d) none of these

The energy of activation for a reaction is 25 kJ mol ! To
what temperature should it be raised from 300 K in order
that the reaction rate increases 10 times.

(a) 389.5K . (b) 489.5K

(c) 289.5K ” (d) none of these

For the reaction RX' + OH™—— ROH + X ~ at 50°C the

rate expression is given as :
rate =4.7 x107° [RX ][OH" ]+0. 24><10'5[RX]

what percentage of RX reacts by the S N2 mechanism

when [OH™ ]=0.001 M s

(a) 0.192 (b) 0.0192

(c) 19.2 (d) 1.92

For a given reaction 4 — Product, the graph plotted

between log t;,, vs. log [4] leads to an angle of 315°. The

order of reaction is :

@0

©2

®1
@3

is definitely +ve for

46.

47.

Numerical Chemistry

n
Find out ratio of two rates ;'— shown for the elementary
2

reaction :
A(g) + 2B(g) —> C(@)+D(g)
n forcasel 6 atm 8 atm .
r, forcase II 6 atm 2 atm
(a) 8 () 16
(c) 32 (d) 64

Reactants 4 and B shows I order decomposition

" individually. If [4o]=8[Bo]and #,/, for 4 and B are 10

and 20 minutes respectively then if both starts
decomposing at the same time, after how much minute

. the concentration of both 4 and B will be same :

" 48.

49.

(a) 20 (b) 40
(c) 60 (d) 80
Mechanism of a hypothetical reaction

X, +Y,— 2XY is given below :
(i) X,— X + X (fast)

(i) X + Y, == XY +7 (slow)

(iii) X +Y —— XY (fast)
The overall order of the reaction will be :

(@1 (®)2

()0 )15

A first order reaction has a specific reaction rate of
102sec™". How much time will it take for 20 g of the
reaction to reduce to 5g?
(a) 238.6 sec

(b) 138.6 sec
(c) 346.5 sec

(d) 693.0 sec
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e sonmmmre e [l

1. (d) r=K[]" and K = de”%/RT E_ =0 for free radical
combination. X is constant with T.

2. (b) [R] can be maximum only if its decay is slower than P,
ie,K,<K,..

3. (3@ [Alier =[B] formed =%[A]deuyed!

uuf“=$u-f“uhy

ne™ =m—meM or e™ =—":n
e )
m+n m
-afmaal,
m+n[A°]

4. (c) K=AeE/RT g depends upon E,, T and nature of
reaction; but always increases with 7". Thus rate always
increases with T..
=K[A]'; n=K[A); n=K[4]
E,
InK=In4 ~RT
Intercept=1In'4=2;

Ao -Ze —tno(an120=-173)

2.303log[4]=2

log[A]= 23303 - E, =1.73% 2cal =3.46 cal

[4]=17.38
Temperature coefﬁcients are :
I ﬁ- Ea| [TZ ]_2
" K, 2303R TiT;

p Ki_ Ea [———2 T'_]=3
"X~ 2303R| T

if -115—‘1<%t.hen E,, > E,,
_Kle _Ale
TTKs Ayee

Eay Esy Ea ]

i o
_AIAZ e[RT RT RT

5. (d) n
6. (c)

~Ea/RT _ 4 g~Eaa/RT

8. (C) K -E,,/RT

A
E;

KAV = AAy"e-KT
E, =E, +Eg, =Eq
-Kt -KIK _
. (c) [A]=[A)oe™™ =[100)e =
= 3679 mole litre™
[ A)docayes = 61:21

©

[100] _ 100
e 2.7

10.

11.

12.

13.

14.
15.

16.
17.

18.
19.

20.

21

(8) n= K[A] CNER l"EI()KI_lS 23031"

141000
log K2 =14- 53037
_ 1000
Tx2.303

=43422K

;&:K:[C] oo K]l‘—Kz

2000 _

Tx2.303
1000 _

T 2.303

or 15—

AH=72k]
AH=-72KkJ

Eg=11KJ
(b) H,0+0 = 20H;
20H — H,0+0;
Eayy ~Eay =OH .
E, -11=-T72
) = +5kJ
_d[N;0,) _ _[050-025] _ 025
dt 5 5
=0.05 atm min ™'
diNOa] _ 5 "[N;’O‘] =2%005

an

(a)

dt
=0.1 atm min~'
(b) Temperature coefficient .
_ (363 _ 300 _ (K«l)
(f)373 180 t
b) K=Ae5a/RT ifT — 3 00, e Ba/RT =1 or K =4
1d[H,] _ 1d[NH;]
3 at 2 dr
0.001
T 107

3,._0.001
x2
2 17%10° o

0.001x10°
=3 17x10° Kghe
=1.76x 107 kg/hr
(b) “Maximum in the concentration of B.
(a) Two mole of A are decayed out of six in time ¢.

mol/ hr

d) The rate of reacti =_dc__1ldn__ 1 dP
@ TN = =V d - RT i
(b) For zero order reaction: Py = P:l - Kt. Also Pu‘,

cohtinuously increases.
(b) Thisis zero order reaction from the values of K (Ms ™)

() tyz =< (P)™"
200 (2)' "
100« (1)'™"



22. ()

. (a)

24. (¢)

25. (b)

(O)
@

©

27.

29. (b)
3. (b)

31. (d)

2a2!%"
s 1=l-n n=0
E,-E,=AH
In exothermic reaction E, 2 AH depending upon the
nature of reaction.
X=a(l-e™

-

Vapour state of Br, is more reactive as it possesses

higher energy level and more collision frequency.
r=K[0,][0]

Also K [02][01 - [0]= K: [03]
1051 (0]
r=K[0;)*-[0,]"
K = Ae~Ea/RT
x = 0693
ti2
Eq
E
AH

Time
E, > AH but for exothermic reactions £, > or< AH
K=Ae 5" atT >0, K =4
l.llKrl =InK, +[W]T|

In3
anTz ano+[ lo]TZ

Ik, -InK, =[—3](Tz-r.)

Ky [In3 T, —T,
or E-[m]x(z 1)
. K
ifT, -1, =l(?C,then(emperaturecoeﬂ'|clem=ﬁ-
£2_= m]xlo
o X [10
K,
—<=3
or X
24 + B —@ C + D
t=0 a 24, 0 0
a9 ay
=2 («-%) (=-%) T %
After 1 =30 rate = K[A][B)* )
rate = K[ao——z—] [24 -T
2 3
g b0, 4% _ 49Kay

2 16 32

32. (b)

33. (d)

34. (c)

Numerical Chemistry

_de_ oc_
dt 1+Bc
:M:a.d’
[4
-%—dc-ﬁ=a-dt

on integration ~In ¢~ cf = oz +constant
att=0,c=¢p
: —In ¢y - coP = constant

—Inc-cf=as~Incy—cof

C
ln7°+B(co-c)=at

:l:herefore

C
att =12, C=—o

2
(02
2
or ln2+—°£—w|,z
12 ——[ln 24— COB]
A — Product
dC4 _ pem .. ;
— =KC, _ (- orderisn)
=(C4 )l-"_ 1
Omntegratmg—— Kt + constant ...(1)
1-n
att=0,C, =Cp constant= — 12;. )
Cl-l Cl~l
. ; Bt N W
2 ByEqs.(l)and(Z), T g
or Kt=——[C,"-Ca™) )

(n (n-1)
if C 4 =CToltf=l”2 thenbyEq. 3)

1-n
Kty)p = ("ll)[(co) "(Co)l-.]

=((CT°_)T)_><[2"‘-1] @
Similarly, if C = C— atf = 13,4, then by Eq. 3)
I-n
Kty = e l)[4'-l 1 e (8)
By Eqgs. (4) and (5),
LI i
tye 4" <)
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35. (b) Maximum in the concentration of B. 2.3031log 10= 25x10° | T; — 300 300]
36. (a) Two moles of 4 are decayed out of six in time . ’ i} 8.314 |T; X300
37. (a) -‘;_C=T"L-L T,=389.5K
¢ xKC é+K 2 44. (d) The rate expression involves Sy and S, , steps as
(l) If Cis very very high 1‘/1(.(; is s?allest and thus negligible. RX +OH" R*+x- 25, ROH+ X~
-Tt=E‘z—,=constant RX +OH" —— HO----R----X"—— HOR+ X"~
Thus order of reaction is zero. rate =4.7 x 10~ [RX] [OH™ ]+ 0.24 x 107 [RX]
(u) If C is very very low. 1+K,C=K"’ Sy Sw
_dC_KC_.., '
4 K ke
5,2
Thus, order of reaction is unity. %S 2 =|——|[*100
3. () B d[COCl, ] : 150 15,
; y step (i) —— 2= = K3[COCI][Cl, ] ...(a)
ae _ 47x10°[RX][OH ] %100
By step (i) K—‘ = ECI] i ...(b) [0.24x107° [RX]+4.7x 107°[RX][OH"]
2 2
s K| 47x10°[OH]
By step (i) —Ll= (cocl . (©) = ; [ — x 100
K; [CO][Cn 0.24x10™ +4.7x10°[OH" ]
Ths from Eqs. (")"“d(") [ 47x10°5 x0.001 00
= - - X
[cocn- -[CO]x ’K L.Cl,] ... 0.24%107° +(4.7x107° x Q001)
=1.92
From Eqgs. (a) and (d) IEh 1-n
d[COClL] _ p Ki(Ky m[CO][Cl 12(C1,] s R = R
@ 3 X \K, 2 2 | s log t)/; =log K +(1—n)log[4]
cocl -n=tan315=-1
AN _ g [conicta n=2
39. (c) The rate of formation of urea is given by Eq. (iii) 46. (b) Forcasel: n =K(P4)(Pz)*
[udrtea] K[NH; ][HNCO] .. @a) =K x6x8" =384K
. - 2 _
) . [NH;][HNC0]=K i Forcasell: n=Kx6x(2)" =24K
Byslcp(u)WChave- [NH4NC0] C S n - 384K =16
24K
. NH4NCO] n
By step (i) we have : L[N—H%N_(T] =Kc, O] ) IX;M = eKat
A
By Egs. (b) and (¢) ‘ N
[NH, J[HNCO] = K¢, -K¢,[NH{CNO]  ...(d) Y Al
- By Egs. (a) and (d) . Noy .
d[l.ldl'tea] -K 'KC| 'KCz [NH4CN0] Given Noa = T and after time A NA = NB
N
dlurea] _ ¢ (NH,CNO] o
dt v P 5 4 _ oKa-Kp)t
KT+10=2 5 T+20=2 ; _7‘_"32:2 08
= &) Kr * Krsio K420 Ng
Kri% _jx2x2=8 Nos
On multiplying Xr N_ . oKa-Ka)t
41. (c) Zero order reaction takes place at constant rate and goes Noy
for completion. 3
42. (b AH=E, —E,, N 0,693
) —E. —AH=555-10=545 or In8=[K, -Kj,)¢=|2693_0693],
o Kb ay 710 20
43. (a =L =10 or 2.08=0:693
® Ko X 4 T 8= 20
r _Ea|la=l) ‘_208x20_
2.3031og —_Km R ['_—'T‘ T ] 0693 60 minutes



48. (b) Solution 1: (n)

Rate determining step is not applicable when slow
reaction is reversible and thus steady state
approximation concept should be used.

According to steady state approximation concentration
of intermediate remains constant most of the time so rate

of reaction with respect to intermediate is taken to be
zero.

Xy 2L 0x
X+, 22 xyay
r+xy 2, x4y,

x+y 24 xy
At steady state approximation, rate of formation of
intermediate = rate of disappearance of intermediate or
rate of reaction for intermediate = 0
dix]
Tdr ‘
=2k [X2]- ko[ X][Y2 ]+ k3 [XY ][V ]+ ke[ X][Y]
=0 (i)
_dlY]
T
= ko[ X112 1= ks [YILXY 1= kXY o
=0 (1]
k[ X[Y2 )= ks [YILXY 1+ kg [X Y] i)
on substituting the value of equation (iii) into equation

@i):

r=

r=2[X,]'
So order of reaction is 1.

Numerical Chemistry

_ . Solution 2 (d)

- On the basis of rate determining step.
(i) X;— X +X (fast)
(i) X +Y, — XV (slow)
(iii)) X +Y — XY (fast)
Note that X + Y, == XY cannot be slow as it involves
equilibrium. So mechanics of this reaction may be taken
as
(i) X;=X+X (fast)
(ii) X+Y, —> XY (slow)
(i) X +Y — XY (fast)
So step (ii) is rate determining step
r=k[X][Y;] o (i)
X can be replaced by fast equilibrium given in step (i)
k< X1
[X2]
(X =k X)
[X1=[k[X,]])"? .. (i)
If value of equation (ii) is placed in equation (i) then
r=kY; )k X))
So order of reaction is 1.5,

49. (b) K=10"2= %3_3
So, 10693 69.3 sec
2 1072

For the reduction of 20 g of reactant into 5 g two half
lives will be used.

So, time required = 2 x 69.3 = 138.6 sec
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__® PREVIOUS YEARS PROBLEMS ©

The rate constant for the reaction;
2N,05 —5> 4NO, +0, is30x105sec ™. If the rate is
2.40x107° M'sec™, then the concentration of N,0s (in

M)is:
(a) 14 ()12 (rra000
(c) 0.04 (d) 0.8

. If I is the intensity of absorbed light and C is the

concentration of 4B for the photochemical process
AB +hv —> AB”, the rate of formation of AB* is

directly proportional to : T 2001
@C ®1 @ )
©1° @c-1

Consider the chemical reaction;
Ny +3Hy, #2W3(g). The rate of this reaction
can be expressed in terms of N 5y, Hy(p) and NHj ) as:

N (TIT 2002)
(a) Rate =— 2] _-1d[H,]_14d[NH;]
ddlril ] 33d[ &

_—dIN,]_3d[H,]_2d[NH,]

(b) Rate = = Beie
_d[N,]_1d[H,]_1d[NH;]

(c)»Rate- e
_—d[N,]_-d[H,] _d[NH;]

(d) Rate = TR

. In a first order reaction, the concentration of reactant
‘decreases from 800 moldm® to 50 moldm® in 2 x10*

sec. The rate constant in sec!is: (11T 2003)
(a) 2 x10* (b)3.45x107°

(c)1.386 x10™* (d)2x107* _
The reaction : X — Product, follows first order

kinetics. In 40 minutes, the concentration of X changes
from 0.1 M to 0.025 M, then rate of reaction when
concentration of X is0.01 Mis: (IIT 2004)
(a)1.73x107 M/min (b)) 347X 10~° M/min
(c)347x107 M/min (A 1.73X 10~ M/min
Which one of the following statement for order of
reaction is not correct? (11T 2005)
(a) Order can be determined experimentally.
(b) Order of reaction is equal to sum of the powers of
concentration terms in differential rate law.
(c) It is not affected with stoichiometric coefficient of
the reactants.
(d) Order cannot be fractional.
Ag® +NH; == [Ag(NH3)"]; Ki =6.8x107
[Ag(NH,)]* + NH;==[Ag(NH;),]": K2 =16x10"
then the formation constant of [Ag(NH3)> 1Mis:
(IIT 2006)

10.

1L

12.

(a) 6.8x107 (b)1.08x107°
(c)1.08x1078 (d)6.8x107°
Consider a reaction. aG+bH —> Products. When
concentration of both the reactants G and H is doubled,
the rate increases 8 times. However, when concentration
of G is doubled, keeping the concentration of H fixed, the
rate is doubled. The overall order of the reaction is:

' (IIT 2007)
@0 ()1 :
(©)2 @3
Under the same reaction conditions, the initial
¢oncentration of1.386 mol dm~ of a substance becomes
half in 40 seconds and 20 seconds through I order and
zero order kinetics. Ratio (;—;)of the rate constants for
I order (K ) and zero order (K ) of the reé.qtion is:

(IIT 2008)
(a) 0.5 mol 'dm () 1.0 moldm™
(c) 1.5 moldm™ (d) 2.0 mol 'dm?
For a first order reaction 4 — P, the temperature (T)
depeqdent rate constant (K) was found to follow the
equation:
log K =- 2—0% +6.0

The pre-exponential factor 4 and the activation energy
E, respectively are : (IIT 2009)
() 1.0x10%s™" and 9.2 kJ mol ™
()6.0s™" and 16.66 kJ mol ™"
(€)1.0x10%s™" and 16.66 kJ mol ™
(d)1.0x10°s™" and 38.3 kJ mol ™
Plots of variation of the rate constant ‘K’ with
temperature (T) are given below. The plot that follows

Arrhenius equationis : (IIT 2010)
1 a
(a) K ®) 'T(
T— T—
!
@] @ 1IN
T— T—

The rate of a reaction doubles when its temperature
changes from 300 K to 310 K. Activation energy of such
a reaction will be :



(R=8314JK™' mol ™" and log,y2 = 0.301)

[JEE (Main) 2013]
(b) 60.5 kJ mol !
(d) 48.6 kJ mol !

(a) 58.5 kJ mol ™'
(c) 53.6 ki mol ™!

13. In the reaction,
P+Q—— R+S

Qdl

[Q

time

the time taken for 75% reaction of P is twice the time
taken for 50% reaction of P. The concentration of Q
varies with reaction time as shown in the figure. The
overall order of the reaction is :

[JEE (Advanced-I) 2013]
(@2 ®)3
©0 @1

14. For the elementary reaction M — N, the rate of
disappearance of M increases by a factor of 8 upon
doubling the concentration of M. The order of the

reaction with respect to M is :

[JEE (Advanced-IT) 2014]
@) 4 ®)3
(©)2 @1

15. For the non-stoichiometre reaction 24 + B — C +D,
the following kinetic data were obtained in three separate
experiments, all at 298 K.

Numerical Chemistry

Initial Initial Initial rate of
. f
Concentration (4) | Concentration (B) ‘;::::?.n:_f.)c
01M 0.1 M 1.2x107
01M 02M 12x107
02M 0.1M 24x107
The rate law for the formation of C'is :
[JEE (Main) 2014)
RN RO s
dic] _ 2 d[_C] o
© S =HANBY (@ =HA]

16. Higher order (> 3) reactions are rare due to :
[JEE (Main) 2015)
(a) low probability of simultaneous collision of all the
reacting species
(b) increase in entropy and activation energy as more
molecules are involved
(c) shifting of equilibrium towards reactants due to
elastic collisions
(d) loss of active species on collision
17. Decomposition of H,0, follows a first order reaction. In
fifty minutes the concentration of H,0, decreases from
0.5 to 0.125 M in one such decomposition. When the
concentration of H,0, reaches 0.05 M, the rate of
formation of O, will be : [JEE (Main) 2016]
(@) 6.93 % 10~ mol min™' (b) 2.66 L min~"' at STP
(c) 1.34x 1072 mol min™" (d) 6.93 x 102 mol min~"
18. Two reactions R, and R, have identical pre-exponential
factors. Activation energy of R, exceeds that of R, by 10
kJ mol ' If k; and k, are rate constants for reactions R,
and R, respectively at 300 K, then In(k, /k, )isequalto:

(R=8314Jmol”' K™") [JEE (Main) 2017]
(a)8 (b) 12
6 @4

I e e Sl |

1. (d) r=K[N,0s]I order as unit of K = sec”!
2.40x107° = 30x107°[N,05]
=240 _o8m
[N20s] 3.0
2. (d) In photo initiated primary process rate of reaction is
directly proportional to intensity of light used. In case
of pure solids rate o / (Lamberts law). In case of
solution rate o< /-C (Bear's law).
3. (a) Follow text.

4. (¢) K= 2303 303 = log C(‘?

= 2303 10g 8001 386x10sec
~2x10
23030, 01
k=239, i
5. (© 08 o5 = 00347

Rate = 1< X[X]=0.0347x0.01=347x10™* M min™'

6. (d) Order can be fractional.
7. (b) Formation constant of [Ag(NH; ), ]*
Ag’ +2NH; — [Ag(NH; ), ]* =K
K=K xK,
=6.8x107 x1.6x10™ =1.08x107
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8 @ r=K[G)* [H)® )
8r=K[2G)° [2H]® ...(ii)
r=K[2G)*[H)® ...(iii)

By Egs. (ii) and (iii)
4=2°
. b=2
By Egs. (i) and (ii) 8=2°*b = ga+2
a=1
“OR.=a+ b=1+2=3
9. (a) Forlorder: K, = 0.693 _ 0.693
tia 40
For zero order : Ko=-2_=1386
21”2 2x20
K1 _0.693
K, 138 =43
10. @) |og,1<=—§—“+log,,4
E,
or I -—
og10 K = RTx2 303 * 10810 4
log;o 4=6, =10°
E,
Also ot =2000

E, =2.303%8.314x2000J
=38294.28J =38.3 kJ
11. (a) Since, K = Ae B! Rr and thus, K increases exponen-
tially with rise in temperature.
oB ks
n Kk

E, [T, -

Now 2.303 log o —— % ——R—[ T, ]
_E, _[310-300

2303 log2=g313 [310)( 300]

2.303x0. 301x180314x 310%300 _ 53598.6 ]

12. (c)

E, =

=536kJmol ™’
13. (d) P+Q— R+S

Given : Trsee = 2x Tsol/. (fOl‘ P)

Since 1, is independent of concentration and thus it is first
order for P. ) ]
From graph it is clear that reaction is of zero order with

respect to O

Q) =[Q -

so overall order willbe=1+0=1
14. (b) Consider, rate (r)=K[M])" where n is order of

reaction
' Rl Ml oy iymt
n 8 [2M)
15. (d) Let rate expression be r= K[A]"[B]"

1.2x107* = K(0.1)"(0.1)" )
1.2x107 = K(0.1)"(0.2)" ...(ii)
24x107 =K(0.2)"(0.1)" ...(iif)

By (i) and (i) n=0

By (i) and (iij)y m=1
‘; = K[A]

16. (a) Itis the reason for given fact.
17. (a) In 50 minutes, concentration of HzQz becomes ;l of

initial i.e., two half lives are used.
or 2xty;2 = 50 minutes
or ty, = gs;;?utcs
k= 25
M,0, =K X[H;0;]
Mo, =252 0.05

=== per minute

=1.386 x 10~ mol litre ™" minute !
2H202 — 2H,0+ 0,

o, =-;><mz°2 =%x 1386 x 107

10, =0.693x107
1, =6.93 %107 mol litre ™ minute ™!

Note : The framing of question is not correct. The units
for concentration of H,0, is given as mollitre
\'{hereas O, is reported in mol/minute. It has not been
given that volume of solution is 1 litre.

18. (d) kl = Ae—Enl/RT; k2 - Ae-Eaz /RT
ky _ arEaEa
ky
lnk_2=Eﬂ|_E¢z - 10X103 ~4
ky RT 8.314x300



. Which of the following statements are correct?

(a) Zero order reactions are complex reactions.

(b) A reaction having I order may be either elementary
reaction or complex reaction.

(¢) A reaction having Il order reaction must have
molecularity = 2,

(d) A reaction with molecularity = 2 must be a Il order
neactlon

. Which of the follownng plots are correctly made for the

reaction nd == (4),, if it obeys I order reaction?

@ LA} \ ®) \\
- S—

(Al

(© !

[Aln i =

t—>

(A" —

. Select the correct statements :

(a) Order of a reaction may be changed with change in
the experimental conditions.

(b) Rate of reaction either exothermic or endothermic
both decrease with decrease in temperature.

(c) A reaction mixture thermodynamically stable should
be kinetically unstable.

(d) A negative catalyst increases the energy of activation.

For a gaseous reaction : Ay) — By, the rate

expression may be given as :

d[4] Ldna _pr g
@-"2=KAl -yt =KA)
1 _dP A _ n - i’: i n
© -pr g =Kl @-Gr=KCPD)
For which of the conditions X = Arrhenius factor?
(@) E, =0
(b) Free radical combinations
(€)T =00
dT=0

. Which of the following relations are correct if AH

represents only magnitude?

(a) Exothermic reactions : Evm +AH =E,
(b) Endothermic reactions : £ an = E
(c) Exothermic reactions : AH > E,
(d) Endothermic reactions : AH < E,

ah)

o AH

. Which of the following graphs represent zero order if

A— P

Numerical Chemistry

)
i
'-0[‘4]“‘
rmild),(X) 2 ‘
!
) Pe— — W'\m--K
rate
— 1
5 o
© (X Slope = K D ta
t —> (A} —=

. Which one is correct nccording to collision theory of rate

of reaction?

() Threshold energy level is n characteristic of reaction

(b) Energy of nctivation decrenses with rise in temperature

(¢) The energy of adsorbed nctivated complex is lower
than simple activated complex

(d) The enorgy of activated complex (both activated or
udsorbed) is higher than reactant or produet

. The rate exprossion tor the reaction :

NH,CNO+==2 NH,CONH,
can be derived n-om the mechanism :

(1) Nl|4CN() NH4NCO (Fast)

(ii) NH, N(‘()—-L-b NH\ + HNCO (Fast)

(ili) NHy + HNCO —2 NH,CONH, (Slow)

Which of the following statements are correct about rate
expression?

d K K

@ - - ‘lNIl NCO]
lum\l

)15 x K KKy (NH,NCO)
d

(© M - K[NH‘N("()l
(I
lum\]

(@ -5 A xA 22 [NH,NCO)

LY

The rate of formation for CyH, +3H, - ‘l‘ Hyy R

the forward reaction In flest order with l\‘lpo\‘! to Calg
and H, cnch Which are vorveot?
(ﬂ) K ( )A'. - l(‘ﬂnl)l X
Y (Calla 1IN,
(©) ry =K /[Cola)Hy] () = KplCalliy 11,1
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11.

12.

13.

The rate law for the reactioﬁ: '
. RCl+NaOH(aq) — ROH + NaCl
is given by, Rate= k| [RCI] The rate of the reaction will
be: :
(a) doubled on doubling the concentration of sodium
hydroxide

(b) halved on reducing the concentration of alkyl halide
to one half

“(c) increased on increasing the temperature of the

reaction s

) unaffected by increases the temperature of the
reaction.

Foral order reaction

(a) The degree of dissociation is equal to (1 - ¢™)

(b) A plot of reciprocal of reactants, concentration vs
time gives a straight line

(c) The time taken for completion of 75% reaction in
thrice to that of 7/, of the reaction

(d) The pre exponential factor in the Arrhenius equation
has the dimension of time T~".

The rate constant of a reaction becomes equal to 4, then
which are not correct?
E, _ __
(@ RT =0 (b)E, =—-RT
. (©)T=0 @) 7T= o

14.

15.

= K
Two first order exothermic reactions : A— B and

P i) Q at T K have their rate constants such that

K, > K,. If temperature is increased to T,K(7; > T), the

rate constant K, changes to K3 and K to K. Select the

correct statements.

(a) K 1 < K 3

(C) K 3> K,

For the first order reaction,

2N,05(g) — 4NO,(g) +02(g) [T 2011]

(a) the _concentration of the reactant decreases
exponentially with time o _

(b) the half-life of the reaction decreases with increasing
temperature

(b) Kz <K4
(d) K4 > K3

16.

17.

18.

461

(c) the half-life of the reaction depends on the initial
concentration of the reactant ’
(d) the reaction proceeds to 99.6% completion in eight
half-life duration
According to the Arrhenius equation:
[JEE (Advanced) 12016]
(a)A high activation energy usually implies a fast
reaction ' =
(b) Rate constant increases with increase in temperature.
This is due to a greater number of collisions whose
energy exceeds the activation energy
(c) Higher the magnitude of activation energy, stropger is
the temperature dependence of the rate constant
(d) The pre-exponential factor is a measure of the rate at
which collisions occur, irrespective of their energy
For ‘invert sugar’, the correct statement(s) is (are):
(Given : specific rotations of (+)-sucrose, (+)-maltose,
L-(-)-glucose and L-(+)-fructose in aqueous solution are
+ 66°, + 140°, — 52° and + 92°, respectively)
[JEE (Advanced) I1 2016]
(a) ‘invert sugar’ is prepared by acid catalyzed
hydrolysis of maltose
(b) ‘invert sugar’ is an equimolar mixture of D-(+)-
glucose and D-(-)-fructose
(c) specific rotation of ‘invert sugar’ is —20°
(d) on reaction with Br, water, ‘invert sugar’ forms
saccharic acid as one of the products
In a bimolecular reaction, the steric factor P was
experimentally determined to be 4.5. The correct
option(s) among the following is (are) :
[JEE (Advanced) I1 2017)]
(a) The v-alue of frequency factor predicted by Arrhenius
equation is higher than that determined
experimentally
(b) The activation energy of the reaction is unaffected by
the value of the steric factor
(c) Since P=4.5, the reaction will not proceed unless an
effective catalyst is used )
(d) .Exgerimentally determined value of frequency factor
is higher than that predicted by Arrhenius equation
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. " [ S SOLUTIONS (More Than One Answer Correct) MY ".

2.
3

S.
6.

ool

o

10. (abecd) K. =——= =

(gb)Only elementary bimolecular reaction have order
reaction = 2

@b -2
(a,b)Kinetic stablhty and thermodynamic stability has no

“* relation. Also the function of negauve catalyst to slow
down the speed of reaction is not at all related with

=K[A]"

energy of activation.
(a,bc,d) Rate of reaction
A
<AL ]—K[A] or — %_K(PA)"
=_1d"_n
i = KlAY" [4]=4
- T —
RT & - KlAr ‘[A]"ﬁ

(a,b,c)K = Ade Ea/RT, E, = Ofor free radical combinations.

(a,b,d) For any reaction : AH = Eam -Eg,
Also, for exothermic reaction AH 2 E,

(ab,c,d) )5 = (a)'"™";[4), — Kt and X = Kt are integrated
form of zero order.

(a,b,c,d) For basic concept follow concepts of physical
chemistry by Dr. P. Bahadur; Prakash Publications
Muzaffarnagar. Adsorption is always exothermic.

(ac) -3; [NH,CONH, ] = K 4[NH; J[HNCO] from (iii)
Applying steady state approximation to HNCO or

3
ﬂ“%cﬂ = 0= K [NH,NCO] - K 4 [NH, ][HNCO]

K5 _ [NH; J[HNCO]
K¢~ [NH,CNO]

dlureal _ . (NH, JIHNCO] = K, x 2 [NH,NCO]
dt K,
Also, [NH,NCO]= 5(‘—; x[NH,CNO]

d[urea]
=K
dt 2

K,
st 8 CNO
X e [NH, ]

= K [NH,CNO]
K, [CeH)2] [CsHiz ]

[CsHg 1[H )(H, ]

Ky [CoHeIH )
ry =Kf X[CsHe][Hz]
n =Kbenknown
ateq.7y =n
K,[CQHQ][H2]=KI, x Unknown

Unknown = —*-x[C¢Hg ] (H; ]
b
n, = K, x Unknown
K
n = Kp X - X[CeHs )[Ha)
b

11.

12.

13.

14.

15.

16.

17.

=K ; X[CsHg][H;]
=K} X[CsH}» ][H,]7
(b, c) The reaction shows I order. Also rate of reaction
increases with temperature.
(&, dN=No-e™
_No-N _No[l-e™™]
T No N
Also A = Ke 5a/AT -
—E,IRT : a _
(b,c) K = Ae .f-ﬁ-o

Also if T'=oo0
K=4e"=4

(a, b, c) Rate constant of a reaction whether exothermic or
endothermic increases with temperature.

(a, b, d) For the first order reaction

(i) N =Nge™; thus concentration of reactant decreases
exponentially with time.

(i) t)/2 =<[No]° at constant temperature and thus half life

is independent of initial concentration of reactant.

(iii) Also #y/; = M

=1-e™

, then E, approaches zero therefore

The rate of reacnon and rate constant increase with
temperature and thus #,,, decreases with temperature.

. 2.303, 100 _ 2.303

t =

(v) 996y Lo -y Z="210g 250
. 0693
e
W lege =ty X (2)23 log 250=1,,, X 3.323x2.40
=8x1y;

(b, c,d) K = Ae Ea/RT

(Higher is E,, lesser is rate constant, lesser is rate of
reaction)

dK _ , Ea
dT RT?
dK

ar = Ea

4 is frequency factor i.e., no. of collisions per unit time
per unit volume.
(b, ©) Sucrose (Cj,H,,0, ) undergoes hydrolysis to form
glucose and fructose and the process is known as
inversion of sugar.

Sucrose M D(+)-glucose + D(-) fructose

[a) =+52° [a] = -92°
[0 mix =0.5 X (+52°) + 0.5 x (- 92°) = -20°
[a] for L~(-)-glucose = —-52°
. [a] for D(+)-glucose = +52°
Similarly for fructose [at] = -92°
Glucose with Br, water a weak oxidant will give gluconic
acid. Strong oxidant will lead for saccharic acid.
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18. (b,d).

Although Arrhenius factor or pre exponential factor
(4) was theoreticallz groposed by Arrhenius in his
equation : K = Ae™*"'RT 'He could not consider the
specific orientation of molecules at the time of
collision which usually predominate in bimolecular
reaction. If specific orientation of bimolecular reaction
is taken in account, then Arrhenius equation can be
modified by putting a term ‘p’ known as stearic factor
as:

Arrhenius equation :

k= A, xe ERT

If p is stearic factor.

464

COMPREHENSION BASED PROBLEMS

Comprehension 1 : From the following data form the

reaction between A4 and B,

[A]x10* [B] x10* Initial rate mol litre~'sec”!

mol litre™ | mol litre™ rx10* 300 K rx10°320K
25 3.0 5.0 2.0
5.0 6.0 40 - =
1.0 6.0 1.6 —

(1]

2]
3]

[4

The order of reaction with respect to 4 and with respect
to B, respectively are :

(@a)2, 1 (b) 1,2

"(©) 2,2 @23
The rate constant at 300 K: .
(a) 2.66x107® ()1.33x107% -
(c) 2.66 x10% (d)1.33x10%
The energy of activation:
(@) 553 kJ (b) 65.44 kP
(c) 44.5kJ (d) 75.44 kJ

The pre-exponential factor:
(a) 1.140 x10°®

(c) 1.140x10'®

(b)1.140 x10"°
(d)1.140x107'8

law expression is —

k= P‘AM. xe»l‘l/RT

Collision theory :
pAr =2 _

where Z is experimentally determined frequency
factor.

Zmull -

A Arr, .
Since p is usually less than unity the Zy < 4ar.But
here p = 4.5.
Thus,

it means that reaction occures more quickly than
particles collide.

Zwl\nl >4 Arr,

Numerical Chemistry -

Comprehension 2: For the reaction A—— B, the rate

d[4]
dt

= K[A]"?. If initial concentration of

Ais Ao.

1

12]

131

Integrated form of the rate expression:

a) Kt =2[4)/2 — 412 Kt=2[43"2 - 47

(@) [4o . 0

(c) Kt =1/2[4y? = 4"*] (D) Kt=1/2[47"* - 472

Slope and intercept of the plots of lo, VA vs.t are
g

respectively:

@ -5, 45" ®) -3, 43"

(©) 2K, 44 () -K, 24,
The half-life of the reaction is given by:

V2 (V2 -1) V2 (V2 -1)4l?
@—F— 4 o2

K
2-4, (ﬁ_l)Aélz
O % T
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o e -

Comprehension 2
Letm!cexpmeslonber—K[A] [BT" 1 @ _d[4 ]=K[A]”2 or —_d4__
1 @ - 50x10™=K[25x10*]"[30x10°]" ...(1) dt (A1
4.0x107° =K [5.0x10*1"[6.0x10°]" ...(2) Onintegrating  —[[A]™"/2dA =K [dt
1.6x1072 = K[1.0x10°]"[6.0x10°])"  ...(3) 242 =K1+C (1)
ByEgs.(2)and(3), m=2 ...(4) atr=0; A=4, .. C=-24)7 )
ByEgs.(1)and (4), n=1 1/2 172
Rate = K[A]*[B]' R, e
or order with respect to 4 and B are 2 and 1 = B=2dy =4 ) =03)
respectively. [2] () Plot of A'2 vs.t will be linear because Eq. (3) yields,
[2] (¢) ByEq.(1), 24" = -kt +24
5.0x10~* =K [2.5x10°12[3x107° ' in K {5 s
K =2.66x10° I* mol? sec™ (at300K) . AT eegird, iy =0tC)
Bl @ - 2.303l0g 0 2 = %—[T;-TTI] A
K, 172 -~ By Eq. 3),

3-8 e8] oty

2.0x107> _ E, [320—300]

230310 =
B10 S 010~  8.314/300%320, Kt _22-1) Auz =VA(WE-14)?
; E, =5533kJ J_JJ__
E -1
[4] () Also, 2.303logo K =2.303logio A- 2% iy =270 T ) 4

s _ 5533x10°
2.3031og o 2.66x10° =2.303l0g10 4~ 3725300

A4=1.140x10"
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In each sub question given below a statement (S) and
explanation (E).is given. Choose the correct answers
from the codes (a), (b), (c) and (d) given for each
question:

S is correct but E is wrong

S is wrong but E is correct

Both S and E are correct and E is correct explanation of S
Both S and E are correct but E is not correct explanation

(a)

(©)
()]

of
. The molecularity of first step is 1 and of second step is 2.

S:

For the reaction given below, the molecularity of
first step is 1 and of second step is 2.
20;3(g) — 302(g)
Step 1 03(g)=—0,(g) +0(g)
Step2  0;(g) +0—2%5 20,(g)

: O(g) is an intermediate and rate of reaction is

K[0371%[02]1"" and order of reaction is 1.

S : Observed rate constant of the given reaction given

below decreases with temperature.
Ky
NO+NO =— N,0,
K»
NzOz +02 —TK—) 2N02
cw
2NO +0, —> 2NO,

E: K, ofthe reaction being exothermic and decrease in
K. overweigh increase in K with increase in
temperature. .

S: The plots of log #,, vs. log[4] gives a straight line
with slope (1 —n).

E: ty;<[A)s"

S: Largeris the activation energy, lesser is the effect of
a given temperature rise on rate constant ‘K .

E: K=de5/M

S: For a free radical combination, K = 4.

E: E, is zero for free radical combination.

S: Every collision of reactant molecule is not
successful.

E: Every collision of reactant molecule with proper
orientation is successful one.

S: Aplotoflog % vs. log(a — x) leads to value of K as
antilog (intercept) and slope equal to order of
reaction.

L AX _ o n
- K (a-x)
S: For a lInd order reaction 4 + B — Product, the rate

can be given as : K (A)? or K [A](B]or K [B]%.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

E:

©» ™

Either [4]or [B]may or may not influence the rate
of reaction.

: The acid hydrolysis of ester takes place more

rapidly in D,0 than H,0.

: D;0" is stronger acid than H;0* or H,D*0.

: Itcanalso be givenase *
: The rate expression of 2NO; + F,— 2NO,F is

: Emission of light as a result of exposure of P to air in

night is called phosphorescence.

: Phosphorus bums in O, to give P,Os and

conversion of chemical energy into light energy
producing cold light and the phenomenon is called
chemi-luminescence.

: Activation energy always increases the potential

energy of reaction system.

: The minimum kinetic energy that a molecule must

possess in order to react on collision is called its
activation energy.

: The rate of reaction whether exothermic or

endothermic, increases with temperature.

: The rate of reaction = K [reactant]” and K increases

with temperature.

: A catalyst always lower the energy of activation.
: The catalyst-reactant interaction forms activated

adsorbed complex and adsorption is always
exothermic.

: A catalyst does not affect the heat of reaction.
: It increases the rate of reaction.
: The elementary reaction is single step reaction and

does not possess mechanism.

: An elementary reaction has order of reaction and

molecularity same.

: Temperature coefficient is the ratio of two rate

constants preferally at 35°C and 25°C.

Ea[ -1y
N

r=K[NO, ][F;].
The reaction has the mechanism
NO, +F, —8% _, NO,F + F
NO, + F—%, NO,F

¢ For the reaction 20; — 30,,

the rate = K [0,1%[0,]"".

: The reaction has -ve order for O,

: Threshold energy of a reaction is dependent of

temperature.

The encrgy of activation decrenses with increase in
temperature. .
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20. S: The emission of light during burning of P in O, is
called chemi-luminescence.
E : The chemical energy is converted into light energy.
21. S: Photosynthesis in plants involves reaction of CO,
and H,O in presence of light and chlorophyll.
E : Itis chlorophyll which absorbs light and passes this
energy to reactant molecules.
22. S: Order of reaction can never be fractional for an
elementary reaction.
E: An elementary reaction takes place by one step
mechanism.
23. S: Every collision between molecules leads to a
chemical reaction.
468

E : Only those molecules react during collisions which
acquire threshold energy level.
24. S: For each ten degree rise of temperature the specific
rate constant is nearly doubled.
: Energy-wise distribution of molecules in a gas is an
exponential function of temperature.
25. S: The instantaneous rate of reaction can be studied in
chemical kinetics.
E : Ionic reactions occur instantaneously.
26. S: All catalytic reactions show zero order for catalyst
used.
E: The rate of reaction does not depend on
concentration of catalyst.
Numerical Chemistry

ANSWERS (Statement Explanation Problems)

1.

2.

(©)

(©)

(c)

. (b)
. (c)
. (a)

. (c)
- (©)

_[0,](0]
*=710s]

rate = K [0, ][0] = Ke[Os] v[(;gz’;_[oﬂ

_K'1o,)?
[0]
Rate = K [N;0,][0,]
K. = [N,0,]
[NO) 2
rate= K -K.[NOJ*[0, ]
= Ko [NOJ[0]
n=1 _
log )/, =log [ﬁ]+ (1-n) log[4],
Higher activation energy, greater is the effect of given
temperature rise on rate constant ‘K.
K=Ae5/RT ifE =0OthenK = 4
A successful collision leads to a chemical reaction
when the reactant molecules collide with proper
orientation and attain threshold energy level.

and

|0g% =log K +nlog(a—x)

In each case order is IInd.

22.

23.

24,
25.

26.

(©
(b

. (d)

(©
©
(CY)
(©
@
(©
@
(@
(©

- ©

©

(®)

©
()

©

Explanation is correct reason for statement.

The phenomenon is called chemi-luminiscence.

Both are facts.

Explanation is correct reason for statement.
Explanation is correct reason for statement.

Both statement and explanation are correct.
Explanation is correct reason for statement.

Both statement and explanation are correct.
Explanation is correct reason for statement.

Both statement and explanation are correct.

Both statement and explanation are correct.
Chemiluminesence refers for emission of light as a
result of chemical change.

Chlorophyll acts as photosensitizer. Neither CO, nor
H,Oabsorbs light.

An elementary reaction is one step reaction and in such
reactions order of reaction and molecularity are same.
Note that molecularity can never be fractional,

Explanation is correct and suggests that statement is
wrong,.

Explanation is correct reason for statement.

Ionic reactions are not studied in kinetics as theirt,,, is
1072 sec.

Explanation is correct reason for statement.
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R

= MATCHING TYPE PROBLEMS s

Type!: Only One Match is Possible

kN List1 List IT
| B List A ListB 3 .
A. Flash photolysis p. Intensity of light
B. Rate of photochemical &
@ (A ® OR=W reaction g TS
T C. Chemiluminescence r. 4P+50,— 2R0;s
t D. Phosphorescence s. ZnS
\ Type i : Only One Match From Each List
® [AR () O.R=zero
. 4 List A List B List C
A
t A. Rate of reaction 1.—M=—ﬂ-—] a. AH = +veor —ve
At dt
\ B. Rate constant of 2.V, =¥ b. AH =—
12 .
© [Ak (i) OR=2 a reaction
C. Equilibrium 3.V, 2V, c.t—>0
& constant
VT
DV =53 4. Increases d.At—0
@ log v o v,
i (iv) O.R=3 E. V¥, =Vy+=2— 2073 5.C e.T=0
. S. Linear plots Slope Ord
2 ListB (e : il
(@) 1.  No energy of ! (E)"s"‘ (4 1k aTwo
activation E
®) 2. Low energy of (B) [4), vstime 2. R‘ b. Zero
activation
—— vs i
()  Free radical 3. High energy of © [A], e 3.1-n c.One
combinations activation
D) log.kvsT 4. Zero d
(d) Slow reactions 4. Several clementary € log[4 . n
steps og [4]; vstime 5.k e. Any order
(¢) Fast reactions 5.  Single step (F) logty; vslog[4]l, 6.n £. 1- slope
B ANSWERS I
L. a-ii; b-iii; c- —iv

2 a-5; b-4 -1. d 3 e-2
3. A-q; B-p; C-r, D-s

4 A-1-& B-4-3
S. A-6-d; B-1-b;
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