CHEMICAL KINETICS [JEE ADVANCED PREVIOUS YEAR SOLVED PAPERS]

JEE ADVANCED
: 2
Single Cor a. C b. I c. | d. C.I
gle Correct Answers Type S B—
1. The rate constant of a reaction depends on 7. Consider the chemical reaction, N,(g) + 3H,(g) —

a. temperature

b. initial concentration of the reactants
¢. time of reaction

d. extent of reaction

(IIT-JEE 1981)

. The specific rate constant of a first-order reaction depends

on the

a. concentration of the reactant
b. concentration of the product
c. time

d. temperature

A catalyst is a substance which
a. increases the equilibrium concentration of the product
b. changes the equilibrium constant of the reaction

c. shortens the time to reach equilibrium

d. supplies energy to the reaction (ITT-JEE 1983)
The rate constant. the activation energy and the Arrhenius
parameter of a chemical reaction at 25°C are 3.0 X 10~
5'], 104.4 kJ mol™' and 6.0 x 10" s™* respectively. The
value of the rate constant as T — o= is

(IIT-JEE 1983)

a. 20x10"%s™ b. 6.0x 10" 5™
¢. infinity d. 3.6x 107!

(ITT-JEE 1996)
The rate constant for the reaction, 2N,O5 = 4NO, + O,, 1s

3.0x 10~ sec'. If the rate is 2.40 x 10~ mol litre' sec™’,
then the concentration of N,Os (in mol litre™) is

a. 1.4 b. 1.2 c. 0.04 d. 0.8
(IIT-JEE 2000)
If ‘I’ 1s the intensity of absorbed light and ‘C’ is the

concentration of AB for the photochemical process,
AB + hv — AB. the rate of formation of AB is directly
proportional to

10.

2NH,(g). The rate of this reaction can be expressed in
terms of time derivative of concentration of N,(g), H,(g)
or NH,(g). Identify the correct relationship amongst the
rate expressions.

a. Rate = —d(N,)/dt =-1/3 d[H,]/dt = 1/2d [NH,}/dt
b. Rate = -d(N,)/dt = -3 d[H,])/dt = 2d [NH,]/dt
¢. Rate =d(N,)/dt = 1/3 d[H,}/dt = 1/2d [NH;}/dt
d. Rate = -d(N,)/dt = —-d[H,]/dt =d [NH,)/dt
(IIT-JEE 2002)
In a first-order reaction the concentration of reactant

decreases from 800 mol/dm’ to 50 mol/dm”® in 2 x 10°
sec. The rate constant of reaction in sec™' is
a. 2x10° b. 3.45%x 107
c. 1.386x107 d. 2x 107
(IT-JEE 2003)

. The reaction. A — Product, follows first order kinetics.

In 40 minutes the concentration of A changes from 0.1 to
0.025 M. The rate of reaction, when concentration of A
is 0.01 M is

a. 1.73x10™* M min™
¢. 3.47x 10 M min™

b. 3.47 x 10° M min™'

d. 1.73 x 10° M min™'
(ITT-JEE 2004)

Which one of the following statements for order of reaction

1s not correct?

a. Order can be determined experimentally

b. Order of reaction is equal to sum of the powers of

concentration terms in differential rate law.



11.

12.

13.

14.

15.

c. Itis not affected with the stoichometric coefficient of
the reactants

d. Order cannot be fractional. (IIT-JEE 2005)

Ag' +NH; — [Ag(NH,)]*; k, =6.8 x 107>

[Ag(NH;)]" + NH; = [Ag(NH,),]"; k, = 1.6 x 107>

then the formation constant of [Ag(NH;),]" is

a. 6.8x107° b. 1.08x 107
c. 1.08x107° d. 6.8x107

(IIT-JEE 2006)
Consider a reaction aG + bH — Products. When
concentration of both the reactants G and H is doubled,
the rate increases by eight times. However, when
concentration of G is doubled keeping the concentratior
of H fixed, the rate is doubled. The overall order of the
reaction is
a. 0 b. 1 c. 2 d. 3
(II'T-JEE 2007)
Under the same reaction conditions, initial concentration
of 1.386 mol dm™ of a substance becomes half in 40
seconds and 20 seconds through first order and zero-order
Kinetics, respectively. Ratio (k,/k,) of the rate constant for

first order (k,) and zero order (k;) of the reaction is

a. 0.5 mol™' dm’ b. 1.0 mol dm™
¢. 1.5moldm™ d. 2.0 mol™' dm’
(IT-JEE 2008)

For a first-order reaction A—P, the temperature (7) and
dependent rate constant (k), was found to follow the

equation log k = —(2000) %4— 6.0. The pre-exponential

factor A and the activation energy E_, respectively, are
a. 1.0x10°s™ and 9.2 kJ mol™

b. 6.0s™ and 16.6 kJ mol™

c. 1.0x10°s™" and 16.6 kJ mol™’

d. 1.0x10°s™" and 38.3 kJ mol™' (IIT-JEE 2009)
Plots showing the variation of the rate constant (k) with
temperature (7) are given below. The plot that follows
Arrhenius equation is

IJ i

T—> Ir—>
c d.
T—> T—>

(ITT- YEE 2010)

16.

17.

In the reaction,

P+Q—-oR+S

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

&
(Qlo
Q]
L -
Time
a. 2 b. 3 c. 0 d. 1
(JEE Advanced 2013)

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
a. 4 b. 3 d. 1

(JEE Advanced 2014)

G 2

Multiple Correct Answers Type

1.

2.

3.

4.

A catalyst:
a. increases the average kinetic energy of reacting
molecules

b. decreases the activation energy

¢. alters the reaction mechanism -

d. increases the frequency of collisions of reacting species
(IIT-JEE 1984)

The rate of law for the reaction:

RCI + 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

d. unaffected by increasing the temperature of the
reaction (ITT-JEE 1988)

For a first-order reaction,

a. the degree of dissociation is equal to (1 — &™)

b. a plot of reciprocal concentration of the reactant vs
time gives a straight line

c. the time taken for the completion of 75% reaction is
thrice the t,,, of the reaction

d. the pre-exponential factor in the Arrhenius equation
has the dimension of time. 5™ (IIT-JEE 1998)

The following statement(s) is(are) correct:

a. A plotof log K, versus 1/T is linear



5.

b. A plot of log [X]versus time is linear for a first-order
reaction, X — P

c. A plot of P versus 1/T is linear at constant volume

d. A plot of P versus 1/V is linear at constant

(ITIT-JEE 1999)

For the first-order reaction

2N,04(g) = 4NO4(g) + O.1g)

a. The concentration of the reactant decreases
exponentially with ume

b. the half-life of the reaction decreases with increasing
temperature

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 (IIT-JEE 2011)

Integer Answer Type

1.

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 0.75 0.40 0.10
t(min) 0.0 0.05 0.12 0.18
The order of reaction is (II'T-JEE 2010)

. Anorganic compound undergoes first-order decomposition.

The time taken for its decomposition to 1/8 and 1/10 of
its initial concentration are t,,4 and t,,,, respectively.

[
What is the value of [—l@-}xl{}? (log,p2 = 0.3)

hino
2303 (4]
! [A]

k = (IIT-JEE 2012)

. In dilute aqueous H,SO,, the complex diaquodio-

xalatoferrate(II) is oxidized by MnQO, . For this reaction,

the ratio of the rate change of [H'] to the rate of change
of [MnO,] 1s (JEE Advanced 2015)

Assertion-Reasoning Type

Read the following assertion and statement and answer as per
the options given below:

b.

C.

If both assertion and statement are correct and statement
1s an explanation of assertion.

[f assertion is correct and statement is wrong, statement
is not an explanation of assertion.

If assertion 1s wrong and statement 1s correct, statement
is not an explanation of assertion.

If both assertion and statement are wrong and statement
is not an explanation of assertion.

. Assertion: For each ten degree rise of temperature the

specific rate constant is nearly doubled.
Statement: Energy-wise distribution of molecules in a

gas is an experimental function of temperature.
(II'T-JEE 1989)

Fill in the Blanks Type

1.

2.

The rate of chemical change is directly proportional to
: (IIT-JEE 1985)
The hydrolysis of ethyl acetate in medium is a
order reaction. (ITT-JEE 1986)
For the reaction N-(g) + 3H,(g) — 2NH;(g),
under certain conditions of temperature and partial
pressure of the reactants, the rate of formation of NH; is
0.001 kg h™'. The rate of conversion of H, under the same
condition is kgh™. (IIT-JEE 1994)
In the Arrhenius equation, k = A exp (-E_/RT), A may be
termed as the rate constant at (IIT-JEE 1997)

True / False Type

1.

For a first-order reaction. the rate of the reaction doubles

as the concentration of the reactant(s) doubles.
(IIT-JEE 1986)

. Catalyst makes a reaction more exothermic.

(IIT-JEE 1987)
Catalyst does not affect the energy of activation in a
chemical reaction. (IIT-JEE 1989)
The rate of an exothermic reaction increases with
increasing temperature. (IIT-JEE 1990)

Subjective Type

1.

Rate of a reaction A + B — products, 1s given below as a
function of different initial concentrations of A and B:
[A] (mol/) [B] (mol/1) [nitial rate (mol/1)
0.01 0.01 0.005
0.02 0.01 0.010
0.01 0.02 0.005
Determine the order of the reaction with respect to A and
with respect to B. what is the half-life of A in the reaction?
(IIT-JEE 1982)
A first-order reaction is 20% complete in 10 minutes.
Calculate (i) the specific rate constant of the reaction, and
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(i1) the time taken for the reaction to go to 75% completion.:

(ITT-JEE 1984)

[
,.
.
.

While studying the decomposition of gaseous N,Ox it is:
observed that a plot of logarithm of its partial pre:asuref
versus time is linear. What kinetic parameter can be

obtained from this observation?

d

(ITT-JEE 1985):
. A first-order reaction has K = 1.5 x 10™ per second at

200°C. If the reaction is allowed to run for 10 hours, what,
percentage of the initial concentration would have changed;

in the product? What is the half life of this reaction?
(IIT-JEE 1987)

A first-order reaction is 50% complete in 30 minutes at

27°C and in 10 minutes at 47°C. Calculate the reaction

rate constant at 27°C and the energy of activation of the
reaction in kJ/mole. (IIT-JEE 1988)



6.

10.

12.

In the Arrhenius equation for a certain reaction. the
values of A and £, (activation energy) are 4 10" sec™
and 98.6 kJ mol ' respectively. If the reaction is of first
order, at what temperature will its half-lite penod to be
10 minutes? (ITT-JEE 1990)

. The decomposition of N.Og accordiny 1o the cquation:

2N-O5 (g) = 4 NOL (2) + O- (g)

Is a first-order reaction. After 30 min from the start ot
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 3845 mm ot Hg,
Calculate the rate constant of the rcaction.

(IIT-JEE 1991)
Two reactions (I) A — products. (II) B — products, follow
first-order kinetics. The rate of the reaction: (1) 1s doubled
when the temperature is raised from 300 K o 310 K. The
half life for this reacuon at 310 K 1s 30 minutes. At the
same temperature B decomposes twice as fast as A. If
the energy of activation for the reaction. (I1) is halt that
of reaction (I), calculate the rate constant of the reacuon
(II) at 300 K. (ITT-JEE 1992)

. A first-order reaction A — B, requires activation encrey of

70 kJ mol™'. When a 20% solution of A was kept at 25°C
for 20 minutes, 25% decomposition took place. What will
be the percentage 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-JEE 1993)
The gas phase decomposition of dimethyl ether follows
first-order kinetics.

CH; - O - CH;,, = CH,,, + Hy, + Co..,

The reaction is carried out in a constant volume container
at S00°C and has a half life of 14.5 minutes. Initially, only
dimethyl ether is present at a pressure of (.40 atmosphere.
What is the total pressure of the system after 12 minutes?
Assume ideal gas behaviour. (IIT-JEE 1993)
The progress of the reaction. A =—— nB. with time. is
presented in figure given below. Determine

& | 4B

S -
< n
- 0.5
Q
= e | A
- 0.3 D oo
=
- 7‘;‘*
S 0.1 7
] 3 2 7
Time/Hour
i. The value of n,
ii. The equilibrium constant K., and |
iii. The initial rate of conversion of A. (IIT-JEE 1994)

From the following data for the reaction between A and
B.

13.

14.

15.

16.

17.

18.

19.

20.

|A]. mol | [B]. mol Initial rate mole 1
|| I s ' at
. 300K 320K
1 25x107[3.0x10°[50x10% [20x10°

"1“ i Tl 5 i
D [ S0x 1071 6.0x10 7 (4010 " | : |
(M| 1.0x 10 ° :

-

60x10° | 1.6x10°| -

Calcuiate

i. The order of the reaction with respect to A and with
respect to B,

ii. The rate constant at 300 K.

iii. The energy of activation. and.
iv. The pre-exponential factor.

(I1T-JEE 1994)
At 380°C, the half-life period for the first-order
decomposition of H,0, is 360 min. The energy of
activation of the reaction is 200 kJ mol™'. Calculate the
lime required for 75% decomposition at 450°C.

ATT-JEE 1995)
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 3.56x 10” s ', calculate its rate constant at 318 K
and also the energy of activation. (II'T-JEE 1997)
The rate constant for the first-order decomposition of a
certain reaction is described by the equation

25%x10*K
log (K) = 14.34—l ¢ _

i. What is the energy of activation for this reaction?
ii. At what temperature will its half-life period be

256 min? (IT'T-JEE 1997)
The rate constant of a reaction is 1.5 x 10’ 5" at 50°C and
4.5% 10" s at 100°C. Evaluate the Arrhenius parameters
Aand E,. (IIT-JEE 1998)
The rate constant for an isomerisation reaction, A = B is
4.5 % 10~ min™". If the initial concentration of A is | M.
calculate the rate of the reaction after lhr.

(IIT-JEE 1999)

A hydrogenation reaction is carried out at 500 K. If same
reaction is carried out in the presence of a catalyst at the
same rate, the temperature required is 400 K. Calculate
the activation cnergy of the reaction if the catalyst lowers
the activation barrier by 20 kI mol™'.  (IIT-JEE 2000)
The rate of a first-order reaction is 0.04 mol litre™' s™' at
10 min and 0.03 mol litre”' s™' at 20 min after initiation.
Find the half-lifc of the reaction.

. (IIT-JEE 2001)
The vapour pressure of the two miscible liquids (A) and
(B) are 300 and 500 mm of Hg respectively. In a flask
10 moles of (A) is mixed with 12 moles of (B). However.
as soon as (B) is added. (A) starts polymerizing into a
completely insoluble solid. The polymerization fellows
first-order kinetics. After 100 min, 0.525 mole cf a solutc
is dissolved which arrests the polymerization completely.
The final vapour pressure of the solution is 400 mm of



He. Esumate the rate of constant of the polymerization
completely. The final vapour pressure of the solution
is 400 mm of Hg. Estimate the rate of constant of the
polvmerization reaction. Assume negligible volume
change on mixing and polymerizauon and ideal behaviour
tor the final solution. (IH'T-JEE 2001)

21. Forthe given reactions. A + B — Products. tollowine data
were obtained.

[Ag]  [By]  RymolL's™)

0.1 0.2 0.05

(.2 0.2 0.10

0.1 0.1 (1.0

Write the rate law expression

Find the rate constant

ol

(ITT-JEE 2004)

22. At constant temperature and volume. X decomposes as
2X(g) — 3Y(2) + 2Z(g). P, is the partial pressure of X.

Observation Time (in min- | P_(in mm of
. No. _ ute) Hg)
( I | 0 800
| > 100 400
3 200 200

i. What is the order of reaction with respect to X?
ii. Find the rate constant.
i Fid the time lor 75% complcetion of the reaction.
iv. Find the total pressure when pressure of X is 700 mm
of He. (ITT-JEE 2005).

Answer Key

JEE Advanced

Single Correct Answer Type

1. a 2. d. 3. ¢ 4. b. 5. d.
6. b. T i 8. c. 9. ¢ 10. d.
11. b. 12. d. 13. a. 14. d 15. a.
16. d. 17. b.

Multiple Correct Answers Type

1. b..c. 2. b..c. 3. a..d.
5. 4. b..d.

4. a..b., d.

Integer Answer Type

1. (0) 2. (9) 3. (8)

Assertion—Reasoning Type
L. &

Fill in the Blanks Tyvpe
. Product of active masses of reactant at that ime
2. Acidic. first (or basic. second)
3. 1.765 < 10~ kg/hr
4. Very high temperature

True/False Type

I. True 2. False 3. False 4. True



Hints and Solutions

JEE ADVANCED

Single Correct Answers Type

1. a.

2.d.

J.c

4. b.

S.d.

6. b.

9. c.

10. d.
11. b.

It is a constant of a particular reaction at a given temperature.
It does not depend upon initial concentration of the reactants,
tume of reacuion and extent of reaction.

It 1s characteristic constant of a particle reaction at a given tem-
perature. It does not depend upon initial concentration of the
reactants, tme of reaction and extent of reaction.

A catalyst decreases the activation energy of the reactants and
thus shortens time of reaction.

The Arrhenius equation is: k= A exp (- £ /R As T —5 o, exp
(~E/RT) — 1. Hence, k = A where A, the Arrhenius parameter,
is 6.0 x 10" 57",

"A’"1s also known as frequency factor,

Find the order of reaction and then use appropriate equation.
As unit of K is sec™', reaction is of first order,

24107

r-—‘: N1O ::-[N‘EO =
Uk Nl 10

=().8 mol/L

The rate of photochemical process varies with the intensity of

absorption.

Since greater is the intensity of absorbed light more photons
will tall at a point, and further each photon causes one molecu-
lar to undergo reaction.

The given reaction is

N-(g)+ 3H, (g) = 2NH, (g

d[N,] _ 1d[H,] _1d[NH,]

. i

2 . —

dr 3 dr 2 dr |
. Correct relaconship amongst the rate expression is shown in
(a)

2.3
K = Iﬂlz!il-nng—l'm"
I [A],
2303 . 800
k= Oilug-j-—zl..'iﬂl‘)xl[]“*h '
2 x 10 50 -

As 1t s first-order reaction where 1,5 doesn’t depend on initial
conc. of reactant. So all half hives are same

r=k[A]
0.693
r= : » (.01
20
r= 3465 x0.01
r= (. 0003365

r=3465x 10"
r=2347 x 10 M min™'
Order of a reaction can be fracuonal. Rest of all are true.

The required reaction is

Ag'+2NH, = [Ag (NH;),]". K="
From the given equations, we have
IAg(NH,)I e = [Ag(NH,), |
" [Ag(NH;)]"INH3]

| —
" [Ag']INH,]

[i equations arc added, their rate constants are multiplied.
. The value of K is given by
K=k Xk:=68x%x10"x1.6x10"=1.08x 10

12. d.

13. a.

14. d.

15. a.

16. d.

ry=k[G]' [HP (1
If G becomes 2G and H becomes 2H, then r, = 8r,

8r, = k [2G]" [2H} (2)
If G becomes 2G and H becomes H, then r, = 2r,

2r, =k [2G]' [H}" (3)
Divide equation (3) with equation (1), we get

2=2" |
= x=1
Divide equation (2) with equation (3), we gel

4=2

22 =9
— S .

= Order wart. G = |

Order w.rt. H=2

So overall order = 3

The values of rate constants kg, k, for zero order and first-order
reaction, respectively, are given by the following equation:

k,= _}—ﬁ'— [where A, = initial concentration, and 1,,, = half-
=X )

life period]
~ 0.693

————

and &,
415
Substantiating various given values, we get

_1.386 mol litre ™

L .
" 2 x 20 sec W)
0.693
and k= - i
' 4() sec (1)

Dividing (ii) by (i). we get

kl [Lﬁ‘q.} : K :{} _| H
—= = b mol " litre
ki, 40 1.386
_ 0.693
1.386
= 0.5 mol ' litre
= 0.5 mol 'dm’

Thus the correct answer 1s (1),

mol ! litre .

[1 litre = 1 dm’]

log 10 - Lq i
S =Mt T R 03RT L
Also given log k = 6.0 - (2000) % (2)

On comparing equations (1) and (2),
LogA=60=A=10""

e = 2000
2.303R

= E,=2000x2.303 x 8.314 = 38.29 kJ mol '

As per Arrhenius equation (k = Ae “’®") the rate constant
increases exponentially with temperature.

Overall order of reaction can be decided by the data given
l756 = 25y,

- It 1s a first-order reaction with respect to P.

From graph [Q] is linearly decreasing with time, i.e., order of
reaction with respect to Q is zero and the rate expression is
r=k[P'Q]".

Hence (d) is correct.

and



17. b. re [M]"
r, = kIM]'
If M — 2M. r, = 8r,
8r, =k [2M]'
8r, =2 k[M]'
8r,=2"r,=2'=2"=3x=3

Multiple Correct Answers Type

1. b,c.
A catalyst provides a new path of lower activation cnergy. The
catalyst réacts with the reactants to form an intermediate of low
activation energy. The intermediate then decomposes to from
the products along with regeneration of catalyst. Thus the reac-
tion mechanism changes completely.

2. b,c
As rate = k [RCI1). so it is first-order reaction. On decreasing the
concentration of RCI 1o half, the rate will also be halved. Rate
will also increase with temperature.

3. a,d.
2.303
fet log 4|
1 [A]
k
S Ing[—é‘l!
2.303 [A]
1
or kt = fn’—h = In
A l-a
If a is the degree of dissociation,
= orl—a=e®
l-a
— ki
or a=1-e
o k=Ae” MR (Arrhenius cquation)

Pre-exponential factor has the same dimensions s the rate con-
stant, and for a first-order reaction that is (1”™").

4. a,b.,d.
The relevant expressions are as follows.

a k=AW

In kf,=1n:11ui
RT
: AH |
logk =logA - —
N b 2.303&“1"
logk = ———+log A
8% = 3303RT B
v=mx+¢
b k2303, k)
I [ x]
IﬂglxD]: K
[x] 2.303
lu;ldﬂ _ -kt
[x,] 2.303
d. pml
)
|
p=kXx-—
5
¥y = mx

5. a,b.,d.
For first-order reaction

—kt
[A]=[A]ee
Henee concentranion of [NO,| decreases exponentially.

¥ {}ﬁ[}l‘ . . N =
Also 17 = - = which is independent of concentration and

1,.» decreases with the increase of lemperature.

L2303 (]@]
W6 T g £ 04 )

2.303 0.693
fya6 = _T{2-4} =8 X K =812

Integer Answer Type

1. (0) The integrated form of a zero-order reaction is
(Al = [A,] = ky
1.0-075=4, > 0.05. ky=5
Again, 1.0-04=4k,x0.12.k,=5
As value of k is coming out to be same, this means it is zero-

order reaction.
2.(9) 1, =Let[Ay] =1

|A]=—x1
8
I _1.3!]3|u L
T
2.303
=y log 8
303
fuﬂ=2 " log 2°
k
2.303
g =3 X k log 2 (N
lr“]u'::’! “t = l
o 1
[Al= —x1=—
10 10
2.303 1
IUI[‘!:TIGEW
1= 22 g 10
=, 10F
Kk

[ e e

[il—'rﬂ—‘l?:ll]:l'—'—l—' & x10=9
| ' l.:ﬂ]lJ

Lo | L
k

2,303 % 3 log 2 J

3.(8) 8H* = 5[Fe(H,0),(0X),]* + MnO; — Mn™*
+ 5[Fe(H,0),(0X),]” + 4H,0

Rme:ld[l-l ]=a’[Mn04l
8 dt dr

rate of [H" Jdecay
rate of [MnO, ] decay

Hence. = 8.

Assertion - Reasoning Type

1. c. Assertion is correct as for every 10°C raise in tempcrature, the
specific rate constant, K nearly doubles.

Fill in the Blanks Type

1. Product of active masses of reactants at that time



2.
3.

Acidic, first (or basic, second)
1.765 x 10~ kg/hr;
N,(g) + 3H,(g) — 2NH; (g)

. I . I
Here rate of reaction = 3 [Rate of disappearance of H,]= —

[Rate of appearance of NH;|
o 1d[H,] 1d[NH,|_ d[H,]_ 3 d[NH, |
3 dt 2 dt dt 2 dt
NH
E[—31 =0.01 kg/hr= il x 1000 = imuleﬁhr
dt 17
d|H, .
[ ']= 1 x—:imnlw’hrz 2 X - kg/hr
dt 17 2 34 34 1000
= 1.765 x 107 kg/hr
4. Very high temperature (7 = o=) or zero activation energy and
K =A.
True / False Type
1. True:

The rate of reaction of first order is directly proportional to the
concentration of reacting substance.

. False:

Catalyst does not make a reaction more exothermic, but
decreases the activation energy and hence increases the rate of
reaction forward as well as backward.

False:

Catalysts lower the energy of activation and therefore influ-
ence the rate as well as rate constant of the reaction.

True:

The rate of reaction increases with increase in lemperature
because at higher temperature more number of molecules
attain the activation energy. But rate constant k of exothermic
reaction decreases with increase in lemperature.,

Subjective Type
1. r=k[A) [BY

2.

0.005 =k [0.01]* [0.01} (1)
0.010 = k [0.02]* [0.01) (1)
0.005 =k [0.01]" [0.02]} (111)
Divide equation (ii) by equation (1), we get

2=2
=iy, =
Divide equation (iii) by equation (1), we get,

=2

z'ﬂ - E;.'
= y=0
Rate r = k [A]' [B)"

r=k|[A]

r0.005

=" =0.5min"
(A] 0.0l

[+ r=0.005 mol/l mand [A] =0.01 mol/l|

0.693  0.693

k 0.5
= 1.386 min

2.303 a
log
[ a-—x

Calculation of specific rate constant

We know that 1, = " k=0.5 mi“-ll

i. For-first order reaction; k =

Let the initial concentration = 100
s a= 100, x =20, when r= 10 min
Substituting these values in the first-order rate equation

2303, a _ 2303 100

k=—I1 lo
! nga—x 10 gll’}O-Zﬂ
= ?1!:%}3 x 0.0969 = 0.02231 min™’

ii. Suppose the time when 75% of the given first order reaction
Is completed = t minute
Herea= 100, x=75 atuuime 1
Substituting these values again in the first-order rate equation,

we get
2.303 100 -1
0.02231 = | '+ k=0.02231 min
? t i 100-75 | !
0.02231 = E}E x0.6021 [ log4=0.6021]

[
_ 2.303x0.6021

0.02231

= 62.07 min

. Assuming that the decomposition of N,Oj is a first-order reac-

tion, then

or log P= 2
2.3

2.303
given reaction is of first order which is in accordance with the
given statement. Thus the reaction obeys first-order reaction.

, If the

Thus log P vs time graph is linear with slope =

. For a first-order reaction we know that

2.303 a
log

[ (a—x)

Here, t = 10 x 60 x 60 sec and let a = 1, then substituting the
values, we get

k=

1.5%107°= ol log 1
10x 3600 ~(1-x)
0.0234 = log :
(1-x)
Taking antilog, 1.055 = :
(I-x)
or 1.055-1.055x=1
= (1.055-1) —0.052
1.055

Thus, 5.2% of the initial concentration has changed into product.
Again we know that -

[ = 0.693 _ 0.693{
k 1.5x10
_ 0693 k, E, [5-—?‘,}
t, k 2303R| T,-T,
Substituting the value at the two given conditions

0.693

= 462000 sec =128.33 h

k

ky = ke = =0.0231 min”'

ks = ki . 0690 = 0.0693 min™"
S R () I

We also know that log ks = E, X il

k, 2303R T,xT,




_2303RxT\xT, 58 k,

or E, —*-
nL-T ky
_2303x8.314x107x300x320 0.0693
) 320 - 300 £ 0.0231
=43.848 kJ mol ™'
. According to Arrhenius equation
E
logk=log A - ¢
=B 5 303RT
We know that k = 0.699 = Wi (t,» = 10 x 60 sec)
Ly, 10x60
=1.555% 10~
Substituting the various values in the above equation, we get

98.6
2.303x8314x107°%xT

log1.155x 10 =log4x 10" —

On usual calculations, 7=311.35K
. 2N,04(g) = 4NO,(g) + O4(g)
2 mol of gaseous nitrogen pentoxide on complete decomposi-

tion gives 5 mol of gaseous products.

- 2
Therefore, initial pressure of N,Og=584.5 x ? =233.8mm Hg.

Let x be the amount of N,O, decomposed after 30 min. There-
fore, after 30 min,

Pressure due to N,O, =233.8 - x
Pressure due to NO, = 2x

X
and pressure due to O, = —

Total pressure after 30 min

=284.5mm Hg =233.8 - x + 2x + 5"

3
or 2338+ T" =284.5

or x=338mm Hg
Hence pressure of N,O, after 30 min

= 233.8 - 33.8 = 200 mm Hg

2.303 a 2303, 2338
k= log = log———
t (a-x) 30 200
2.303

k=—"—"x0.0679=52x10"min"
30

. For reaction (1),

A — Products

T=300K,T7,=310K,

(K)),1sat 300 K and (K,), 1sat 310K

Given:

k
[ Z{SIHK]) =9 Q)
kii300k) )

~E,IRT

According to Arrhenius equation, k = Ae
(For reaction (1))

or ]Dg[klillﬂﬁl] - Eﬂ[ﬁl [u] (")
towss ), 2308 T
log 2 = I (iii)
2303R| TT,

For reaction (II).

10.

B — Products
Since at 310 K, B decomposes twice as fast as A.
(K310 k)4 = 0.0231 min™'
[K5310K)]p= 2 X 0.0231 min”'
= (0.0462 min™"'

We have to calculate [K300k)]5

According to Arrhenius equation, k = Ae ™'*’

(For reaction (II))

log k310K ) _ Exsy |T,-T, (iv)
ki 300K) . 2.303R| TT,
: l
GWED‘ (Eﬂ)ﬂ - E (Eﬂ)ﬂ (\")
Subsititute the value of equation (v) in equation (1v),
log ky310K) _ l o Ea) I,-T, (vi)
ki 300K) . 2 2303R| TT,

L J

-Compairing equations (iii) and (vi), we get

k,
lug[ -nmm] =é_x log 2
B

K300K)
0.0462 _ (2)2 =2 =1.414 (vii)
[Ky300x) 1m
0.0462

k =~ =(0.03267 min~'

According to Arrhenius equation

k, E, 1 1
log—= = —
k, 2.303R ( I, T, ]
Calculation of k at 25°C (298 K), i.e. k,
Here a = 100, a — x =100 - 25, r = 20 min

239 10g 22 = 0014386 min™
0 "5

Thus k| =

Calculation of k at 40°C (313 K) i.e., k,
Substituting various values, we get

k, 70 x 10 ( 1 1 ]
log = X -
0.014386 2.303x8.314 1298 313
70x10°x 15

= =(.587
2.303x8.314x298x 313

log k, =0.014386 x (0.587
k, = 0.05570 min™'
Calculation of % decomposition at 40°C
Thus here a = 100, a — x = 100 — x, r = 20 min K, = 0.05570
Substituting the values in the first-order reaction equation:
2.303 100

lo
0 CE100-x
On usual calculations, x = 6?. 169 =67.17%

k,=0.05570 =

CH;—O—CH;— CH, + CO + H, Total conc.
Initial state a 0 0 0 a
After 12min a-x X X X a+ 2x
Calculation of initial concentration (a) of CH;OCH,
PV = nRT
n P
or =
V. RT
P 0.4

a=—= =6.31x 10" moles 1™’
RT 0.082x773



Calculation of k
_0.693 0,693

A =T =478 %10 “min |
I, 14.5
Substituting the values in the hirst-order cquation, we get
2.303
[ - 30 . a
[ iad—2X
, 2.303
478 x 10" = i log =
|2 a—x
@ =1.77446
a—x
31107
a—x= Lokl o moles /' = 3.556 x 10 moles |
1.77446

5 x=(6.310-3.556) x 107 moles/l = 2,754 x 10 moles/)
S After 12 man,
Total no. of moles | '
=a+2r=631x107"+2x2.754x 10" = 11.818% 10"

p =$Rr =11.818x 107 x 0.082 x 773 =0.749 atm

11. i. According to the figure, in the given time of 4 hours (1 to 5)

concentration of A falls from 0.5 to 0.3 M. while in the same

lime concentration of B increases [rom 0.2 M 1o 0.6 M.

Decrease in concentration of A in 4 hours ‘
=05-03=02M

Increase in concentration of B in 4 hours
=06-02=04M

Thus increase in concentration of B in a given time is twice

than the decrease in concentration of A. Thus n = 2.

5

1Bl _06) _ M
[Al, 03

. K=

i, Imital rate of conversion of A
= Charge 1n conc. of A during | h
_0.6-0.5

12. Let the order with respect to A is v and the order with respect to
Bisy
Then, Rate = & [A]' B}

=0.1 mole I"' hr'

50x107=k[25x 107 [3.0x 107°) (1)
40x 10 =k [5.0x 107" 16.0 x 1077} (ii)
1.6x 107 =k [1.0x 107" 6.0 x 10°°) (iii)

From (i1) and (iii), we get 2' = 4; x =2

From (i) and (ii). weget2' "' =8 x+v=3:v= |

Thererore. the rate of equation for the reaction is
Rate =k [A]* [B]

i. Thus order of reaction with respect to A = 2 and order of

reaction with respectto B = |.
ii. Rate constant (k) at 300 K

Rate
[A)[B]

by =

- 50x10 7 mol 175
25x107mol 'Y’ 3.0x 10  mol 1)

=2.66x10°mol = 1°s™

iii. Determination of encrgy of activation:
Rate constant (k,) at 320 K

Rate

A B]

Il

ks

20x107 mol 17's™!
(25x10 " mol 1) 3.0x10  mol 1 )
= 1.066 x10° mol ™= 1° s~

kK, [T-T,
“% T 2303R| T.T

or  E,=2303R Iugiz N
kLT -1

ks

. i 12

2.66 % 10"
=554 x107)

iv. Determination of the pre-exponential factor

I
—X—+log A
2303R T

log k =—

554x10° |

log 2.66 X 10" = log A - X
2.303x8.314 300

A=1.25x 10" 1" mol™ sec
().693 N 5.
13, kax=——=1925x%10 "min
' 360)
Calculation of k554 ¢
E, =200k mol ' =200 x 10° ] mol ™'
Ko = 1.925x 107 min™
K I | )
log —= = —*—| — = —
A, 3.303.'?[?] T:J

ky . 200x10° [ 1 )
1.925x10 ' 2.303x8.3141653 723

|

log

On solving,

Ay21p = 6.81 x 107 min™
Calculation of time tor 75% decomposition at 723 K.
Let the initial amount of H,0,, a = |

“. Amount at the required time, (¢ - x) = (.25
Substituting the values in the given relation,

2.303 a 2.303 I
log s log

I = —
kok  @—x 681107 - 0.25

= 20.34 min

14. Let the initial concentration (A) = 100
Final concentration at 298 K = 100 - 10 =90
Final concentration at 308 K = 100 -25 =75
Substituting the values in the first-order rate reaction

2.303 10 ;
[ = log (1)
K298 A
; 2.3{}31 100 (i)
= 0p —— i
b ™ 18 .

From (1) and (11) Koy =273
k:mt




Substituting the value in the following relation

A, E. I !

oo — = a WL

"k 2303R\T, T,
_ I2.303R>:T|x f K-

= =log —=

i Tj . ?-I kl
2.303x8.3 2
. 303 x8.314 x 98x308lng2‘?3
308 — 298

E,=76.6227 k) mol ' = 18.33 keal mol ™!
Now &k =Ae /N
i
= logk=logA- —*—
2.303RT
K=356x10"x2359%10"=92210"y"
15, i The Arrhenius equation s
k=Aexp(-L /RT
Taking natural logarithm. we get
Ink=InA-E/JRT

F I
Thuslogk=log A —— e . —
2303R T

Comparing this expression with the given one. we get
E
“__=125x10"K
2.303R
Hence. E, = (1.25 x 10°K) (2.303) (8.314 JK ' mol ™)

=239% 10" Jmol™" =239 kJ mol”

. , .. ' : |
il. The reaction s frst order as the unit of rate constant is s .

For a first-order reaction.
0.693

Hp =
| lhﬁg.}_

. =451x10 s
250 » )

Hence., & =

Substituting this in the given expression, we gel

-5
log(4.51 x10 ") =14.34 - 1.25x10 K
T
25 =3
or 4346 = 14.34 - .25 x107K
T
2S00 K
18.686
16. lo f'-l ~ —--..E_t,__ i—0
- R ko 2.303x R| TT,
4.5x10° L

- ) 1 37323237
Bl sx10”  8314x2303| 373 x 323

E =22x10") mol™

Now k = Ae™ F /KT
2 |
loghk=log A - ——x —
B R S303R T T
22x%x10° -
2.303x8.314 322

On solving log(4.5x10")=log A -

A=542x10"s"!
17. A—>B:k=45x10"min ' [A),= 1 M
2.303 a

lo
[ g{u - X)

For first-order reaction, k =

18.

19.

20.

21.

Find (a - x) at r = 60 min.

2.303 |
8w = e
6 b — k)

(a-x)=0.7634
Thus rate after 60 minute =4 (a - x) = 4.5 x 10 x 0.7634
=34354x 10 M min'

According to Arrhenius equation k = Ae
Let £, of the reaction in absence of catalyst = x kJ mol ™.
Therefore, E, of the reaction in presence of catalyst = x = 20 kJ
mol ™',

The Arrhenius equations in the two conditions can thus be writ-
ten as

-E_IRT

ki=Ae N0 (1)
‘-_ = Al" K X {ii}
Dividing equation (1) by equation (i1), we get
I -2

g SUOR — , HOR —

X x-20

— or x = 100 kJ mol™
S00) J4IN)

ra=Kk,c, and r~ = ks
Since rate of first-order reaction is directly proportional to the
concentration of its reactant,
n_c_004
noen 003

According to first-order reaction

2.303 ¢
log —

Lo = N .

k =

On substituting the various values
k=0.0287 min '
oo o W0NT o i
A 0.0287
Let the number of moles of A left after 100 min = x.
Total number of moles after 100 min=x+ 12 + 0.525

Pnn = a‘” | + !;H'

=[ _-;‘;x3tn1]+[- i xsun}

L2 N 124 x
6000 + 300

12+

According to Raoult’s law

(f’!“@t{@-’)_m
i. i:+ Ry _ ‘]5:5
ﬁi}[_j(_l_—: :%UIU_E - r+12+0.525
12+

On solving, we get x =99
Now according to first-order kinetics,

k= = IﬂrgE =1.005x 10~ min~'
100 99
a. ry=k|Ayl" B,
Equation (1) 0.05 = k [0.1]* [0.2]'
Equation (2) 0.10 = £ [0.2]" [0.2]
Equation (3) 0.05 =k [0.1]* [0.1])
Divide equation (2) by equation (1), we get
2=2

=3 r=]




Divide equation (1) by equation (3), we get iir. Time taken for 75% completion of reaction(t;54 = 21, , only

1=2 | for first-order reaction).

= 2'=2 =21, =2 % 100 = 200 min

= y=0 iv. 2X — 3Y + 27

= n=k[A,]' [B,) Initial pressure 800 0 0
e R, 0.5 P After time ¢ (800-2P) 3P 2P

“[A] 010 A When the pressure of X is 700 mm of Hg then,
: . o 800-2P=7
22. i. From the given data, it is evident that the 1,, (half-life 2P = 100: P_Og[} “20
period) for the decomposition of X (g) is constant (100 min) i e =
T : Total pressure = 800 — 2P + 3P + 2P = 800 + 150
therefore the order of reaction is one. g
=950 mm of Hg
0.693
ii. Rate constant, k = r
12

_0.693
100

=6.93 x 10 min™




