Chemical Kinetics ~ ﬂ—
Bl Additional Problems for Self Practice (APSP)|

= Marked Questions may have for Revision Questions.

This Section is not meant for classroom discussion. It is being given to promote self-study and self testing
amongst the Resonance students.

PART - | : PRACTICE TEST-1 (IIT-JEE (MAIN Pattern))

Max. Marks: 100 Max. Time : 1 Hour
Important Instructions:

A. General :

1. The test paper is of 1 hour duration.

2. The Test Paper consists of 25 questions and each questions carries 4 Marks. Test Paper consists of

Two Sections.

Test Paper Format and its Marking Scheme:

Section-1 contains 20 multiple choice questions. Each question has four choices (1), (2), (3) and (4) out
of which ONE is correct. For each question in Section-1, you will be awarded 4 marks if you give the
corresponding to the correct answer and zero mark if no given answers. In all other cases, minus one
(-1) mark will be awarded.

2. Section-2 contains 5 questions. The answer to each of the question is a Numerical Value. For each
guestion in Section-2, you will be awarded 4 marks if you give the corresponding to the correct answer
and zero mark if no given answers. No negative marks will be answered for incorrect answer in this
section. In this section answer to each question is NUMERICAL VALUE with two digit integer and
decimal upto two digit. If the numerical value has more than two decimal places truncate/round-off
the value to TWO decimal placed.

W

SECTION-1
This section contains 20 multiple choice questions. Each questions has four choices (1), (2), (3) and (4)
out of which Only ONE option is correct.

1. The reaction A(g) + 2B(g) — C(g) is an elementary reaction. In an experiment involving this reaction,
the initial partial pressures of A and B are Pa = 0.40 atm and Ps = 1.0 atm respectively. When pressure
of C becomes 0.3 atm in the reaction the rate of the reaction relative to the initial rate is :

1 1 1
(2) P (2) = 3) = (4) none of these
2. The rate law for the dimerisation of NO2 is
_diNOy] _ 2
T k [NOz]

which of the following changes will change the value of the specific rate constant , k :
(1) Doubling the total pressure on the system  (2) Doubling the temperature

(3) Both of (1) and (2) (4) None of the above

3.» A graph plotted between log tso»w vs. log concentration is a straight line. What
conclusion can you draw from this graph. log ty,
Wn=1;tuzxca (2)n=2,t12 c 1/a o3
(3)n =1ty = (0.693/k) (4) None of these 9

4 The forward rate constant for the elementary reversible gaseous reaction
CoHe == 2CHgzis 1.57 x 103 st at 100 K
What is the rate constant for the backward reaction at this temperature if 10-* mole of CHs and 10
moles of Cz2He are present in a 10 litre vessel at equilibrium.
(1) 1.57 x 10° L mol—t s1 (2) 1.57 x 10%*° L mol—* s*
(3) 1.57 x 10** L mol— s~¢ (4) 1.57 x 10’ L mol—1 s1
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Rate constant k is 2.303 min-! for a particular reaction. The initial concentration of the reaction is 1
mole/litre then rate of reaction after 1 minutes is :
(1) 2.303 M min—! (2) 0.2303 M min! (3) 0.1 M min-t (4) none of these

For an elementary reaction 2A + B —— A:2B if the volume of vessel is quickly reduced to half of it's
original volume then rate of reaction will -

(1) unchange (2) increase four times

(3) increase eight times (4) decrease eight time

For a first order reaction A — B + 2C + 3D (A is optically inactive and B, C and D are dextrorotary), the
optical rotation at time t and o are rt and r. respectively, the expression for rate constant is

()K= % In "t @) k = % n - rwr @) k= % In rﬂ;“ (4) none of these
t

o It o It

For an exothermic chemical process occurring in two steps as follows
(i) A+ B—— X (slow) (i) X — AB (fast)
the process of reaction can be best describe by :

0 PE. [a+g X - P.E. X
AB A+B AB
-
(reaction coordinate) (Reaction coordinate)
R.C. R.C.
P.E. . BX P.E. X AB
3 iF 4
(3) AB (4) A+B
>
(Reaction coordinate) (Reaction coordinate)
R.C. R.C.

The reaction A(g) + 2B(g) —— C(g) + D(g) is an elementary process. In an experiment, the initial
partial pressure of A and B are Pa = 0.60 and Pg = 0.80 atm. When Pc = 0.2 atm, the rate of reaction
relative to the initial rate is :

(1) 1/48 (2) 1/24 (3) 9/16 (4) 1/6

In the following reaction, how is the rate of appearance of the underlined product related to rate of
disappearance of the underlined reactant :

BrOs=(aq) + 5Br-(aq) + 6H*(ag) —— 3Br2 (¢) + 3H20(¥)

dBr,] _ 5 d[Br] dBr,] _ dBr] dBr,] _  dBr] dBr,] _ 3 dBr]
(1) d 3 dt (2) d ~ dt (3) dt ~ dt ) d 5 dt
3A—> B+C

It would be a zero order reaction when :

(1) the rate of reaction is proportional to square of concentration of A

(2) the rate of reaction remains same at any concentration of A

(3) the rate remains unchanged at any concentration of B and C

(4) the rate of reaction doubles if concentration of B is increased to double

At room temperature, the reaction between NO and Oz to give NOz is fast, while that between CO and
Ozis slow. Itis due to :

(1) CO is smaller in size that of NO

(2) CO is poisonous

(3) The activation energy for the reaction, 2NO + O2 — 2NO:z is less then 2CO + O2 — 2COa.

(4) None of the above
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13. The time of decay for a nuclear reaction is given by t = 4t12. The relation between the mean life (T) and
time of decay (1) is given by :
1)2TIn2 (2)4TIn2 (3)2T*In 2 4 izlnz
T
14. The mechanism of the reaction, 2NO + O2 —— 2NOz is
K,
NO + NO k: N20:- (fast) ;

N2Oz + O — 25 2NO> (slow) ;
The rate constant of the reaction is :

(1) k2 (2) kaka(k-r) (3) keks wm&%
-1
15. ti2 = constant confirms the first order of the reaction as one a? t1> = constant confirms that the reaction
is of :
(1) Zero order (2) First order (3) Second order (4) Third order
16. The half-life period of a second order reaction is :
(1) Proportional to the initial concentration of reactants
(2) Independent of the initial concentration of reactants
(3) Inversely proportional to the initial concentration of reactants
(4) Inversely proportional to the square of initial concentration of reactants
17. If the initial concentration of reactants in certain reaction is double, the half-life period of the reaction
doubles, the order of a reaction is :
(1) Zero (2) First (3) Second (4) Third
18. Ac??” has a half-life of 22 years. The decays folows two parallel paths
> Th*” (% yield = 2)
AC??I
() N
> Fr® (% yield = 98)
What are the decay constants (1) for Th and Fr respectively ?
(1) 0.03087, 0.00063 (2) 0.00063, 0.03087 (3) 0.02, 0.98 (4) None of these
19. There are two radio nuclei A and B. A is a a-emitter and B is -emitter, their disintegration constant are

in the ratio of 1 : 2. What should be the number of atoms of two at time t = 0, so that probability of
getting of a and B-particles are same at time t = 0.
@2:1 2)4:1 31:2 4)1:4

20.=  84P0?18 (t12 = 183 sec) decay to s2Pb?'4(t12 = 161 sec) by a-emission, while Pb?14 is a B-emitter. In an
experiment starting with 1 mole of pure Po?8, how much time would be required for the number of
nuclei of s2Pb?4 to reach maximum ?
(1) 147.5 (2) 247.5 (3) 182 (4) 304

SECTION-2
This section contains 5 questions. Each question, when worked out will result in Numerical Value.

21. How many of the following statements are correct?
(1) unit of rate of disapperarance is Ms—* (2) Unit of rate of reaction is Ms!
(3) Unit of rate constant k is depend on order  (4) Unit of k for first order reaction is Ms-!

22. How many of the following statements are correct?
(1) A second order reaction must be a biomolecular elementary reaction
(2) A bimolecular elementary reaction must be a second order reaction
(3) Zero order reaction must be a complex reaction
(4) First order reaction may be complex or elementary reaction
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23. Az + B2 —— 2AB; Rate of reaction = k[A]2 [B]®

Initial [A2] Initial [Br2] Rate of reaction (r) Ms™!
0.2 0.2 0.04
0.1 0.4 0.04
0.2 0.4 0.08

Order of reaction with respect to A2 and Bz are a and b respectively. Finda + b

24, For a reaction A(s) + B(s) — C(s) is rate = k[A]¥2 [B]2. What changes in rate if intial concentration of A
and B increase by factor 4 and 2 respectively.

25. In the presence of acid, the initial concentration, of cane-sugar was reduced from 0.2 Mto 0.1 M in 5 hr
and to 0.05 M in 10 hr. What will be the order of reaction

Practice Test-1 (IIT-JEE (Main Pattern))
OBJECTIVE RESPONSE SHEET (ORS)

Que. 1 2 3 4 5 6 7 8 9 10
Ans.

Que. 11 12 13 14 15 16 17 18 19 20
Ans.

Que. 21 22 23 24 25

Ans.

PART - 1l : JEE (MAIN) / AIEEE OFFLINE PROBLEMS (PREVIOUS YEARS)

1. Units of rate constant of first and zero order reactions in terms of molarity M unit are respectively
[AIEEE-2002, 3/225]
(1) sec™!, M sec™? (2) sect, M (3) M.sec?, sec™? (4) M, sec™?
2. For the reaction A + 2B — C, rate is given by R = [A] [B]? then the order of the reaction is :
[AIEEE-2002, 3/225]
(13 (2) 6 (3)5 47
3. The differential rate law for the reaction Hz + 12 — 2HI is : [AIEEE-2002, 3/225]
y Al ] diHi @ d[H,] _diI,] _ 1dHN
dt dt dt dt d 2 dt
d|H d[H
(3 LAl _1dll] _dlH @y pdMel_ ] diHi
2 dt 2 dt dt dt dt dt

4 The rate law for a reaction between the substances A and B is given by rate = k [A]" [B]™. On doubling
the concentration of A and halving the concentration of B, the ratio of the new rate to the earlier rate of

the reaction will be as [AIEEE-2003, 3/225]
1) _2rr:1|-+n (2) (m +n) (3) (n—m) (4) 20-m),
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11.

12.x

13.

14. =

For the reaction system: 2NO() + Ozg —> 2NO2(g), volume is suddenly reduced to half its value by
increasing the pressure on it. If the reaction is of first order with respect to Oz and second order with

respect to NO, the rate of reaction will ; [AIEEE-2003, 3/225]
(1) diminish to one-fourth of its initial value (2) diminish to one-eighth of its initial value
(3) increase to eight times of its initial value (4) increase to four times of its initial value.

In the respect of the equation k = Ae ~E2RT in chemical kinetics, which one of the following statements is

correct : [AIEEE-2003, 3/225]
(1) k is equilibrium constant (2) A is adsorption factor

(3) Ea is energy of activation (4) R is Rydberg constant.

In a first order reaction, the concentration of the reactant, decreases from 0.8 M to 0.4 M in 15 minutes.
The time taken for the concentration to change from 0.1 M to 0.025 M is : [AIEEE-2004, 3/225]
(1) 30 minutes (2) 15 minutes (3) 7.5 minutes (4) 60 minutes

The rate equation for the reaction 2A + B—— C is found to be : rate = k[A] [B]. The correct statement
in relation to this reaction is that the : [AIEEE-2004, 3/225]
(1) unit of k must be sec™

(2) t12 is a constant

(3) rate of formation of C is twice the rate of disappearance of A

(4) value of k is independent of initial concentrations of A and B.

The half - life of a radioisotope is four hours. If the initial mass of the isotope was 200 g, the mass

remaining after 24 hours undecayed is : [AIEEE-2004, 3/225]
(1) 1.042 g (2) 2.084 g (3)3.125¢ (4) 4.167 g.

Consider an endothermic reaction X — Y with the activation energies E» and Es for the backward and
forward reaction, respectively. In general [AIEEE-2005, 3/225]
(1) Eb < Et (2) AH = AU (3) AH < AU (4) AH > AU

A reaction involving two different reactants can never be : [AIEEE-2005, 3/225]
(1) unimolecular reaction (2) first order reaction

(3) second order reaction (4) bimolecular reaction

A reaction was found to be second order with respect to the concentration of carbon monoxide. If the
concentration of carbon monoxide is doubled, with everything else kept the same, the rate of reaction

will be : [AIEEE-2006, 3/165]
(1) remain unchanged (2) tripled
(3) increased by a factor of 4 (4) doubled

The following mechanism has been proposed for the reaction of NO with Brz to form NOBr.
NO (g) + Br2(g) = NOBr2(g) ; NOBrz2(g) + NO (g) —> 2NOBr (g) (slow step)

If the second step is the rate determining step, the order of the reaction with respect to NO(g) is
[AIEEE- 2006, 3/120]
1 (2)0 (3)3 4)2

The energies of activation for forward and reverse reactions for A, + B, ——— 2AB are 180 kJ mol-!
and 200 kJ mol-! respectively. The presence of a catalyst lowers the activation energy of both (forward
and reverse) reactions by 100 kJ mol. The enthalpy change of the reaction (A2 + B2 — 2AB) in the
presence of catalyst will be (in kJ mol-1). [AIEEE- 2007, 3/120]

(1) 280 (2) 20 (3) 300 (4) 120
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A radioactive element gets spilled over the floor of a room. Its half-life period is 30days. If the initial
activity is ten times the permissible value, after about how many days will it be just safe to enter the
room : [AIEEE- 2007, 3/120]
(1) 10 days (2) 100 days (3) 1000 days (4) 300 days

For a reaction %A —— 2B, rate of disappearance of 'A' related to the rate of appearance of 'B' by the

expression. [AIEEE- 2008, 3/105]
d[A] 1d[B d[A] d[B
@ Al 1dE] ) dIAl _dB]
dt 4 dt dt dt
d[A d[B d[A] 1d[B
@ Al _,diB] @ _dA1_1dE]
dt dt dt 2 dt
The half life period of a first order chemical reaction is 6.93 minutes. Time required for the completion of
99% of the chemical reaction will be (log 2 = 0.301) : [AIEEE - 2009, 8/144]
(1) 23.03 minutes (2) 46.06 minutes (3) 460.6 minutes (4) 230.3 minutes

The time for half life period of a certain reaction A —— Products is 1 hour. When the initial
concentration of the reactant ‘A’, is 2.0 mol L= , how much time does it take for its concentration to
come from 0.50 to 0.25 mol L. If it is a zero order reaction ? [AIEEE - 2010, 8/144]
(1)4h (2)0.5h (3)0.25h 4 1h

Consider the reaction, Clz (aq) + H2S(agq) —— S(s) + 2H" (aq) + 2CI- (aq)
The rate equation for this reaction is
rate = k [Cl2][H2S]

Which of these mechanisms is/are consistent with this rate equation? [AIEEE - 2010, 4/144]
A. Clz + H2S —— H* + CI- + CI* + HS~ (slow)

Cl* + HS- —— H* + CI- + S (fast)
B. H2S < H* + HS- (fast equilibrium)

Clz + HS- —— 2CI- + H* + S (slow)
(1) Bonly (2) Both A and B (3) Neither A nor B (4) Aonly
The rate of a chemical reaction doubles for every 10°C rise of temperature. If the temperature is raised
by 50°C, the rate of the reaction increases by about : [AIEEE - 2011, 4/120]
(1) 10 times (2) 24 times (3) 32 times (4) 64 times

A reactant (A) forms two products :

A —% 5 B, Activation Energy Ea:

A —% 5 C, Activation Energy Ea
If Eaz = 2 Eau, then ki and kz are related as : [AIEEE - 2011, 4/120]
(1) k2 _ kleEallRT ) k2 _ kleEaZ/RT 3) k1 _ AkzeEal/RT 4) kl _ 2k2eEaleT

For a first order reaction (A) — products the concentration of A changes from 0.1 M to 0.025 M in 40
minutes. The rate of reaction when the concentration of Ais 0.01 M is: [AIEEE - 2012, 4/120]
(1) 1.73 x 10 M/min  (2) 3.47 x 10 M/min  (3) 3.47 x 10~ M/min  (4) 1.73 x 10~* M/min

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 = 8.314 JK- mol-! and log 2 = 0.301) [JEE(Main) - 2013, 4/120]
(1) 53.6 kJ mol* (2) 48.6 kJ mol* (3) 58.5 kJ mol* (4) 60.5 kJ mol
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24, For the non-stoichiometre reaction 2A + B — C + D, the following kinetic data were obtained in three
separate experiments, all at 298 K.

Initial concentration (A) | Initial concentration (B) | Initial rate of formation of C (mol L= S°)
0.1M 0.1M 1.2x1073
0.1M 0.2M 1.2x1073
0.2M 0.1M 2.4 x 1073
The rate law for the formation of C is : [JEE(Main) - 2014, 4/120]
dc dc dc dc
1) — =K[A] [B 2) — =Kk[A)’[B 3) — =K[A] [B)? 4) — =K[A
()Olt [A] [B] ()Olt [A?[B] ()Olt [A] [B] ()Olt [A]
25. Higher order (>3) reactions are rare due to : [JEE(Main)-2015, 4/120]

(1) low probability of simultaneous collision of all the reacting species

(2) increase in entropy and activation energy as more molecules are involved
(3) shifting of equilibrium towards reactants due to elastic collisions

(4) loss of active species on collision

26. Decomposition of H202 follows a first order reaction. In fifty minutes the concentration of H20:
decreases from 0.5 to 0.125 M in one such decomposition. When the concentration of H20- reaches
0.05 M, the rate of formation of Oz will be : [JEE(Main)-2016, 4/120]
2H202 —» 2H20 + O2
(1) 6.93 x 10~* mol min-! (2) 2.66 L min-* at STP
(3) 1.34 x 102 mol min-! (4) 6.93 x 102 mol min—!

27. Two reactions R1 and Rz have identical pre-exponential factors. Activation energy of R1 exceeds that of
R2 by 10kJ mol=1. If k1 and k2 are rate constants for reactions R1 and Rz respectively at 300 K, then
In(k2/k1) is equal to : (R = 8.314 J mol-1 K1) [JEE(Main)-2017, 4/120]

(1) 12 (2)6 3)4 (4) 8

28. At 518° C, the rate of decomposition of a sample of gaseous acetaldehyde, initially at a pressure of 363
Torr, was 1.00 Torr st when 5% had reacted and 0.5 Torr s~ when 33% had reacted. The order of the
reaction is : [JEE(Main)-2018, 4/120]
@1 (20 3)2 43

PART - Il : NATIONAL STANDARD EXAMINATION IN CHEMISTRY (NSEC) STAGE-I

1. One microcurie of radiation is the quantity of radioactive substance which produces : [NSEC-2000]
(A) 3.7 x 100 disintegrations per second. (B) 6.022 x 10° disintegrations per second
(C) 3.7 x 10* disintegrations per second. (D) 3.7 x 107 disintegrations per second.
2. The inversion of cane sugar using excess water in the presence of acid catalyst is a reaction of :
[NSEC-2000]
(A) third order (B) second order
(C) first order with respect to cane sugar (D) zero order with respect to cane sugar
3. The reaction, 2A — B + C follows zero order kinetics. Its rate equation is represented by:[NSEC-2000]
(A) dx/dt = k. [A] (B) dx/dt = k.[A] (C) dx/dt = k.[A]° (D) dx/dt = k.[2A]
4. The radioactive decay of %<Ra is a reaction belonging to : [NSEC-2000]
(A) fraction order kinetics (B) first order kinetics
(C) zero order kinetics (D) second order kinetics
5. A radioactive element has a half life of 4 minutes. After 20 minutes, 1 gram of the element will reduce to
[NSEC-2000]
(A) 0.0625 g (B) 0.125¢g (C)0.25¢ (D) 0.03125 g
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Decomposition of H20 is a first order reaction. A 16 volume solution of H202 of half-life period 30
minutes is present at start. When will the solution become one volume ? [NSEC-2001]
(A) after 120 minutes  (B) after 90 minutes (C) after 60 minutes (D) after 150 minutes

According to Arrhenius equation, the rate of constant k and energy of activation (E) of a reaction are

related by : [NSEC-2001]
(A) A =k.eERT (B) k = A.eERT (C)k=AetERT (D) k =— A.gERT
For a gaseous reaction, the following data was recorded. [NSEC-2001]

Concentration in mol. dm-3 0.1 0.05 0.025 0.0125

Half time in s 30 29.9 30.1 30

The order of reaction is
(A) second (B) first (C) zero (D) fractional order
The cell potential (E) and the free energy change (AG) accompanying an electrochemical reaction are
related by : [NSEC-2001]
(A) AG = nF logE (B) AG = nFE (C) — AG =nFE (D) —AG = nF logE
The half time of a second order reaction is : [NSEC-2001]

(A) inversely proportional to the square of the initial concentration of the reactants
(B) inversely proportional to the initital concentration of the reactants

(C) proportional to the initial concentration of reactants

(D) independent of the initial concentration of reactants

For a third order reaction, the time for half reaction is related to the initial concentration of the reactants

(a) by [NSEC-2002]
(A) tu2 is proportional to 1/a (B) tu2 is proportional to a

(C) tuz is proportional to 1/a2 (D) tu2 is proportional to 1/a3.

The half-life of a radionuclide is 2.0 x10° s. Its decay constant will be : [NSEC-2002]
(A) 3.465x106s ! (B) 2.89 x 105s7t (C)5.0 x 10 6s? (D) 3.465 s

75% of a radioactive element disintegrate 2 hours. Its half life period is : [NSEC-2002]
(A) half hour (B) one hour (C) two hour (D) three hour.

In an experiment, lead from drinking water is adsorbed onto activated carbon. This adsorption is a first
order process with rate constant 1.8 x 10 s1. If the initial concentration of lead in water is 0.3 M, the

time required to remove 90% of the initial lead is : [NSEC-2003]
(A) 1.3 x 105s (B) 2.4 x 10%s (C) 1.8 x 107s (D) 2.7 x 10°s.

An isotope of a radioactive element is produced with the emission of [NSEC-2003]
(A) one a- and one B-particle (B) one a- and two B-particles

(C) two a- and one B-particle (C) two a- and two B-particles

Gadolinium (%58 Gd), which has a half- life of 242 days, is used to detect osteoporosis. The percentage
of 158 Gd left in a patient’s system after 2 years will be [NSEC-2003]
(A) 33.0 (B) 25.0 (C) 125 (D) 6.25

For a third order reaction 2A + B — 3C with rate constant k (in proper units), the correct rate law is :
[NSEC-2003]

A) —% =k [A]2B] (B) —% -KAPB]  (C) _% “KIAPZB]  (D)- % — \ 2AL[B]
The correct representation of the plot of rate vs time for the reaction A - B —» Cis: [NSEC-2004]
T c 1 B 0 c 2 c
B o) o ° B
A S OF: © g (D)
A A A A
Time — Time — Time — Time —
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19. A container with a radioactive isotope of half-life 3 days was sent to a laboratory. The activity of the
same on 12" day was found to be 3 micro curies. (uC1) Hence, the initial activity (uC2) of the isotope
when packed was: [NSEC-2004]
(A) 12 (B) 24 (C) 36 (D) 48.

4

20. The rate constant for a chemical reaction is related to temperature by the relation log k = 10 — 10 TX5 .
If the reaction temperature is raised from 227°C to 327°C, the rate of this reaction would increase by a
factor of about : [NSEC-2004]
(A) 20 (B) 46 (C) e (D) 3.4 x 106.

21. The unit of the rate constant of a second order reaction with reactants having equal concentration is :

[NSEC-2004]
(A) mol dm—3 st (B) mol? dm6 st (C) dm? mol* s1 (D) s

22. The units of rate and rate constant are identical in : [NSEC-2005]
(A) fractional order reactions (B) first order reactions
(C) second order reactions (D) zero order reactions.

23. The main function of the catalytic converter in automobiles is [NSEC-2005]

(A) to control the air pollutants produced by the automaobile
(B) to decrease the rate of combustion of fuel

(C) to increase the rate of combustion of fuel

(D) to decrease the sound pollution.

24. Consider a decay scheme, A - B — C where A and B are radioisotopes with half lives 10 s and 20 s
respectively. In an experiment, initially (t=0) there are 10,000 atoms of A and no atoms of B and C.
Identify the correct statement regarding the number of atoms of A, B and C, viz. Na, Ns and Nc att = 30

S. [NSEC-2005]
(A) Na = 2500 and Ns more than 7500 (B) Na = 2500 and Nc less than 1000
(C) Na = 1250 and Nc more than 7500 (D) Na = 1250 and Nc more than 2500.

25.  In 1911 Rutherford and Boltwood studied the rate of formation of helium from radium 33°Ra. The first
few steps in this transformation are given as Ra > 1500 year Rn 3.83 days RaA 3.05 min RaB. The
species RaA and RaB are, in a modern notation respectively [NSEC-2005]
(A) %22Po and %38Pb  (B) 2At and 35Bi (C) 48P0 and %7Pb (D) %5Po and %&At.

26. The units of the rate constant of a first order reaction when time is measured in seconds is:

[NSEC-2005]
(A)s (B) st (C)mol L1st (D) L mol-t s™2.

27. In a multi - step reaction, rate of the overall reaction is governed by the [NSEC-2006]
(A) rate of the fastest step (B) rate of the slowest step
(C) average rate of all the steps (D) sum of the rates of all the steps.

28. A first-order reaction has a rate constant of 0.003 s=*. The time required for completion of 75% reaction
is [NSEC-2007]
(A)231s (B) 201 s (C)41.7s (D) 462 s

29. The activation energy of a reaction is given by [NSEC-2007]
(A) R/(slope of a plot of In k vs. 1/T) (B) (slope of a plot of In k vs. 1/T)/R
(C) (slope of aplotof Ink vs. 1/T) x R (D) + (slope of a plot of Invs. 1/T) x R

30. Viscosity is a measure of resistance of a liquid to flow and viscosity- [NSEC-2007]

(A) decreases with increasing temperature

(B) increases with increasing temperature

(C) remains constant with temperature

(D) shows linear relation (with positive) with temperature.
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31. By observing the reaction between gases A and B, the following data was obtained :
[A] mol L' | [B] mol L* | Initial rate mol L1s?
2.16 x10° | 1 x10-° 1x10-8
2.14 x10-5 | 2.01 x10=% | 2 x10~°
2.18 x10° | 3.2 x105 | 3.25 x108
4.31 x105 | 1.1 x10% | 4.3 x10-°
8.60 x10° | 2.1 x105 | 3.3 x10°®
The reaction orders with respect to A and B respectively are : [NSEC-2007]
(A)1land 2 (B) 0and 2 (C)2and1 (D) both are 1
32. For a reaction of the nt" order, the time required for half reaction is inversely proportional to :
[NSEC-2007]
(A) an (B) amD (C) atmD (D) a
33. If the energy of a reaction is twice RT, its rate constant k is related to frequency factor A by the relation :
[NSEC-2008]
(A)k=0.135 A (B)k=1.35A (C) k=0.0135A (D) k = 2.303A
34. For the reaction P + Q — R the following data was obtained [NSEC-2008]
Set [P] [Q] Rate
I 0.125M 0.250M 0.01
Il 0.250M 0.250M 0.04
Il 0.250M 1.00M 0.08
The order of reaction is
(A)1 (B) 2 (C)3 (D) 2.5
35. For a chemical reaction, A + B —» C + D, the following data was recorded :
Set Initial Concentration of 'A’ Initial Concentration of 'B' Rate of reaction
No. (mol.dm—3) (mol.dm=3) (mol.dm-3s1)
1 4.00 3.00 0.10
2 12.00 3.00 0.90
3 12.00 6.00 0.90
The correct rate expression for the reaction is : [NSEC-2009]
(A) rate = k[A][B] (B) rate = k[AJ?[B]? (C) rate = k[A)? (D) rate = k[A][B]?
36. A radioactive element has half life of 14 hours. The fraction of the radioactive isotope which will
disintegrate in 56 hours is : [NSEC-2009]
(A) 0.75 (B) 0.875 (C) 0.9375 (D) 0.60
37. For a zero order reaction, the unit of rate constant is : [NSEC-2009]
(A) st (B) mol.dm-3s-1 (C) dm3mol-ist (D) mol2.dm=6s-1
38. Thorium-232 loses a total of 6a particles and 4p particles in a decay process. The isotope produced at

the end is
(A) 5Pt

[NSEC-2010]
(B) %5Pb (C) Pt (D) *%Bi

39. For a first order reaction, the half-life tu) is related to the rate constant (k) by the relation.[NSEC-2010]

2.303 1 k 2.303
A) tap) = log2 (B)tar) == C) tan) = log2 (D) tar =
(A) tar) ” g2 (B)tam = (©) twa) = 5252109 (D) tar)

40. The rate constants ki and k2 of two reactions are in the ratio 2 : 1. The corresponding energies of
activation of the two reactions will be related by : [NSEC-2010]
(A)E1>E2 (B) E1 < E2 (C)E1=E2 (D) Ex = 2E2

41. The correct statement about order of reaction is : [NSEC-2010]

(A) it can be predicted from the stoichiometric coefficients of the reactants.
(B) it has always positive integral values.

(C) it has always positive integral or fractional values.

(D) it has to be determined experimentally.
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42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

The initial activity of a radionuclide is 9750 counts per min and 975 counts after 5 min. The decay
constant of the radionuclide in min-! is about [NSEC-2011]
(A) 0.23 (B) 0.46 (C) 0.69 (D) 0.99

The number of a-particles emitted per second by a radioactive element reduces to 6.25% of the original
value in 48 days. The half-life period of the element in days is [NSEC-2011]
(A)3 (B) 8 (C)12 (D) 16

The half time for a second order reaction with equal concentrations of the reactants is 35 seconds. 99%
reaction will be completed in : [NSEC-2011]
(A) 69s (B) 138s

(C) 1733s (D) 3465s

lodide ion is oxidized by acidified dichromate ions as shown in this equation, Cr.072-(aq) + 9I-(aq) +

14H*(aq) — 2Cr3*(aq) + 3Is~(aq) + 7H20(¢). These data were obtained when the reaction was studied
at a constant pH. The order of the reaction with respect to Cr.0+?-(aq) are [NSEC-2011]

Exeriment | [Cr207*], M | [I], M | Rate, M.s?
1 0.0050 0.0125 | 0.00050
2 0.010 0.0125 0.0010
3 0.0150 0.0250 0.0060

(A) first order with respect to both Cr207%- and I~

(B) second order with respect to both Cr.07%- and I~

(C) second order with respect to Cr.07%- and first order with respect to I-
(D) first order with respect to Cr.07%- and second order with respect to I-

A first order reaction is 20% complete in 600 s. The time required to complete 75% of the same reaction

will be : [NSEC-2012]
(A) 3120s (B) 3720 s (C) 4320's (D) 4920 s
For the reaction NH4* + NO2- —— N2 + 2H20 the following data was recorded. [NSEC-2012]
Set NH4*/ M NO2~ Rate / MS™!
1 0.010 0.020 0.020
2 0.015 0.020 0.030
3 0.010 0.010 0.005

(A) rate = K [NH4*] [NO2]
(C) rate = K[NH4*] [NO27]?

(A) 36.6 kJ mol

(A) 25488 yr

reaction

(A) Is zero order with respect to [NO2]
(C) Is second order with respect to [NOz]

(D) Order cannot be determined from the information given

(B) rate = K [NH4*]2 [NO2T]
(D) rate = K[NH4*]2 [NOz]?

The rate constant of a reaction increases by 5% when the temperature is increased from 27°C to 28°C.
Therefore, the energy of activation of the reaction is :
(B) 46.6 kJ mol-*

(C) 16.6 kJ mol

How old is a fossil bone whose 4C content is 15.0% of that living bone ?
Half life of *4C isotope is 5.73 x103yr.
(B) 15688 yr

A plot of 1/[NOz] verses time for decomposition of NO2 was found to be linear. This means that the

(C) 388 yr

[NSEC-2012]
(D) 26.6 kJ mol*

[NSEC-2013]

(D) 6818 yr

[NSEC-2013]

(B) Is first order with respect to [NOz]

The following data was recorded for the reaction :

X+Y— P

[NSEC-2013]

Set No. [A] [B] Rate of the reaction

| 0.1M 0.2M 0.001

Il 0.2M 0.2M 0.004

1] 0.2M 0.8M 0.008
The order of the reaction is
(A) 1 (B) 2 (C) 2.5 (D) 3
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52.

53.

54,

55.

56.

57.

The kinetics of an enzyme-catalyzed hydrolysis reaction is represented by the following graph, where
[S] is the substrate concentration, and v is the rate of reaction :

\%
[S]
The kinetic course of the reaction can be described as : [NSEC-2013]
(A) First order, zero order (B) Zero order, first order
(C) First order, second order (D) Second order, first order

As part of a diagnostic procedure for a thyroid disorder, a patient is given certain amount of iodine-131.
The half life of this radioactive iodine-131 is 8.0 days. The percent fraction of iodine-131 that will remain

in the body after 32 days, if there is no elimination of iodine through the body is [NSEC-2014]
(A) 6.25 (B) 0.0625 (C) 2.77 (D) 25
The experimental observations for the following reaction are given below: P + Q — Product.
[P]/IM [QI/M Initial Rate /mol s*
0.2 0.5 8 x 108
0.4 0.5 3.2 x107?
0.2 0.25 4 x 108
The order of this reaction is : [NSEC-2014]
(A) Zero (B) One (C) Two (D) Three
If k is the rate constant of the reaction and T is the absolute temperature, the correct plot is
In k k
(A) (B) [NSEC-2015]
T uT
k In k
©) (D)
T T
For a gaseous reaction, A + B — products, the energy of activation was found to be 2.27 kJ mol-! at
273 K. The ratio of the rate constant (k) to the frequency factor (A) at 273 K is [NSEC-2016]
(A) 0.368 (B) 3.68 (C)4.34 (D) 0.434
The kinetic data recorded at 278 K for the reaction NH4* (aq) + NO2~(ag) — N2 (g) + 2H20 (1) is
Set No. [NH4*/M [NO2 /M Rate of reaction/ Ms™
1. 0.24 0.10 7.2 x10°
2. 0.12 0.10 3.6 x10°°
3. 0.12 0.15 5.4 x 10°°
The kinetic rate expression and the unit of rate constant (k) of the above reaction are respectively
(A) k [NH4*] [NO2] and M st (B) k [NHs*] and s™* [NSEC-2016]
(C) k [NH4*] [NOz]and Mt st (D) k [NOz] and s
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58. For an elementary rearrangement reaction A ==— P, the following data were recorded at 303 K, when
[Plo=0. [NSEC-2016]
Set No. | [A]o/mol L' | Rate of conversation of A/mol L~ min—!

1 0.340 0.100

2 0.170 0.050

3 0.085 0.025
If the equilibrium constant of the reaction is 1.12 at 303 K, the rate constant for the reaction P— Ais :
(A) 0.263 min™t (B) 0.294 min—1 (C) 0.526 min—! (D) 0.588 min—!

59. NaOH solution is added dropwise to HCI solution and the 4+
conductance of the mixture is measured after addition of each drop.
The variation of conductance with volume of NaOH added is as
shown below.
The statement that is not true for the above is [NSEC-2016]
(A) decrease in conductance from X — Y is due to decrease in [H*]
(B) point Y represents the equivalence point of titration. Y
(C) Na* has the higher equivalence conductance thar_l HsO* Volume of base added
(D) segment YZ represents the conductance due to ions from NacCl
and NaOH in solution.

Conductance

v

60. For the reaction N2 + 3H2 — the rate expression is —d[NHz] /dt = k[Hz] [N2]. The correct statement is
I. The reaction is not elementary
II. The reaction is of second order

[ll. —d[Hz]/dt = —d[NH3]/dt [NSEC-2017]
(A) Il only (B) I'and Il (C) lland 1 (D) I, Il and Il
61. Which of the energy values marked as I, Il and Il in the following diagram, will change by the addition
of a suitable catalyst? [NSEC-2018]
A
Il
>
= 1]
Q
c
w I

v

Progress of reaction
(A) Il only (B) I'and Il (C) lland 11 (D) 1l only

62. Urea, CO(NH)2, decomposes at 90°C as CO(NH2)2(ag) — NHas*(agq) + OCN-(aqg). Experimental data
obtained for the reaction is given in the following plot

0.1
0.08
0.06

0.04
0.02
0

[CO(NH2)2] (M)

0 10 20 30
Time(h)

From the graph it can be inferred that [NSEC-2018]
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(A) average rate of the reaction is the same for successive time intervals of 10 h
(B) unit of rate constant of the reaction is h=!

(C) rate constant of the reaction is the lowest at 30 h

(D) the reaction is of zero order

63. The rate of the reaction between two reactants X and Y can be expressed as R = k [X]2 [Y]. In an
experiment, the initial rate of the reaction was found to be R1 when the initial concentrations of X and Y
are [Xo] and [Yo]. Another experiment was performed in which [Xo] was taken as ¥ [Xo]. What should be

[Yo] in this experiment to get the initial rate as 0.5R1 ? [NSEC-2018]
(A) 4 [Yo] (B) 1/2 [Yo] (C) 2 [Yo] (D) [Yo]
PART - 1l : HIGH LEVEL PROBLEMS (HLP)
THEORY

COMPLICATIONS IN 1t ORDER REACTION
REVERSIBLE 15T ORDER REACTION ( both forward and backward )

Ki
A T B
t=0 a 0
t=t a—Xx X
t = teq. a — Xeq. Xeq.
Xeq. = €( conc. of product
% = % =0 (-~ At equilibrium conc. is not changed)
% = _ke[A] + ke[B]
dBl _ _
b ko [B] + ki [A]
d(ad; X) o ki (@ — X) + kpx
- ?j—’t( = — ks a + (kit+ ko )x

t

‘([ kfa (kf kb)X £

_ nlksa— (ks +kp)X]o e

kf ar kb
1 (_[n(kfa—(kf+kb)x]\\ _ - 1! kea ) !
kf + kb L kfa )J kf + kb kaa— (kf A kb)X]J
x= K& (1— e‘(kf“‘b)t) (remember)
kf + kb
Koo = ke _ [B]eq. _ Xeq
eq. = — = =
kb [A]eq. (a_ Xeq.)
kf + kb — i
kf Xeq.

X = Xeq. (1— e‘(kf*kb)t) (t = 00, X —> Xeq))

( )
ki + ko= = ¢n| —ea (remember)
t Lxeq. - XJ
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k
Where Xeq = a x t
€re Aeq a |:|(f+kb:| a
ki xa 2al3
Xeq = —F .
o kf +kb a/3
if ﬁ =
Kp
SEQUENTIAL 15T ORDER REACTION OR CONSECUTIVE FIRST-ORDER REACTIONS
A_k,B _k,C all first order equation
t=0 a 0 0
t a-x y z
Calculate [Al:, [B]: and [Cl:
For - A
—dA] _, _
—— =n=ki[A
ot r1 = ki [A]
—dAL ) gt
[A]
—kyt
& [Al: = [Aloe
kst
a-x=ae
kst
& x=all-e )
For > B
r: = ka2 [B]
:I_t = kiae™ — kay

dy
— + kay = kiae™
at 2y 1

dy + koydt = k1 ae’tdt
el dy + koye*el = kjae i e*elgt

t t
[dikoye*e) = [kaete o)t

0 0
k ek — (Ko —kq)t 4t
2y k 2—k1J e y
Att=0 y=0
_ _( ka )
ko k)
& y = ke {e*klt - e*kzt} (remember)
ko —kq

Calculate time at which concentration of B will be maximum
dy _

dt

—kie ™ + ket =0

ekat = K gkt

Ko
gat = ﬁek2 t = kit = énﬁ + kot
ky 2
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1 k
& tmax. = ———— /N —% (remember)
(ki—kz) Ky
Ky Ky
[B]max =ax |:k—2:|kl_ 2 = [AO] |:k—2 o= ke
kl I(1
CASE-I ki>> ko
A &, B *, ¢
a
l a-—x X
& [Al=ae™!  (conc. is minimum)
- [B] _ ae_k2 Conc
& [Cl=a(1-e*")
kit >> ko t
k1> ko
kit<<—kot
ekt e gkot
y= ki (e t)y=ae™ et =[B]
Ky
Effective half life is tu2 for B.
Conc
CASE-II: k2 >> ki1 1T
Bl — 0 R~~~ (€]
@ [A]=ae™!
& [Cl=a(1-e™")
_ ki okt = kg (ﬁ )
y= K, ae K, [A] Lkz —>OJ [BI, [A]
CASE-II : If in sequential equation, k1 = k2 = k
y = kate
z=a(l- e™) — kate™
Ex.1  Starting from the equation for radioactive decay i.e. —Z—T = AN, derive the expression, mean life = % .
Sol. 0) —?TT = AN. This on integration gives (with N = No, att = 0); N = Noe™
[ tN | t((jj—':ldt [ N ™t dt
Mean life = | =2 = 1= = =0 = % . Mean life = %
[ oN j %th [ (-aNg)e™ dt
= t t=0
Ex.2  In the case of first order consecutive reactions A —1 B ks C (Product), one may show that the

0
concentration of B is given by Cs = _kCa_ [efkﬁ _eszt} )
(k2 —kq)

The usual assumptions are Ca = Ca% at t = 0 while Cs = Cc = 0 at t = 0. Show that Cg has its maximum

. _ (2303\ (kz
value attime t = Lz li kkl

/\
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dCg _  KkiCp [kze’kzt—klefklt}

Sol. =
dt (kp —kq)
equating this zero ke ket =kt
Ko _ (koK) t . (kz\ _ . _ (2.303) (kz\
—<£ = g™ o == =(ka—ki) t soot= log| —=
ke L) = ke k) U k) k)
SUBJECTIVE QUESTIONS
1. For the reaction A — B, the rate law expression is — % = K[A]*2. If initial concentration of A is Ao.
Calculate : (a) integrated form of the rate law expression
(b) nature of plot of [A]¥2 vs time.
(c) half life period.
2. (a) Let there be as first-order reaction of the type, A B + C. Let us assume that all three species
are gases. We are required to calculate the value of rate constant based on the following data.
Time 0 t )
Partial pressure of A Po Pt =
(b) Let there be a first order reaction, A B + C. Let us assume all three are gases. We are required
to calculate the value of rate constant based on the following data.
Time 0 t 0
Total pressure Po Pt =
Calculate the expression of rate constant.
(c) A(9) — B(9) + C(9)
Time 0 |t 0
Total pressure of B + C - | P P
Calculate the expression of rate constant.
(d) A(@) —— B(9) + C(s)
Time 0 t )
Total pressure of B - Pt P
Calculate the expression of rate constant.
K:
3. For a first order reversible reaction A =——— B, the initial concentration of A and B are [A]o and zero
b
respectively. If concentrations at equilibrium are [Aleq. and [Bleq. derive an expression for the time taken
by B to attain concentration equal to [Bleg2 .

4, For a gaseous reaction A —— products, the half-life of the first order decomposition at 400 K is 150
minutes and the energy of activation is 65.0 kJ mole-t. What fraction of molecules of A at 400 K have
sufficient energy to give the products ?

5. At some temperature, the rate constant for the decomposition of HI on a gold surface is 0.1 Ms—,

2HI—— H2(g) + I2(Q)
What is the order of the reaction? How long will it take for the concentration of HI to drop from
2M to 0.5M
ONLY ONE OPTION CORRECT TYPE
6. A certain reaction A + B —— C, the first order with respect to each reactant k = 10-3. Determine the

final concentration of A after 100 s, if the initial concentration of A was 0.1 M and that of B was 0.2 M.
(A) 0.098 M (B) 0.088 M (C)0.078 M (D) 0.068 M

/\

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005

®
Qesonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in

i ADVCHK - 82
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Chemical Kinetics ~ ﬂ—

7. At a given temperature, ki = k2 for the reaction, A+ B =— C + D.
If H—X} ki [A] [B] — k2[C] [D] in which set of the concentration reaction ceases?
[A] (B] [C] (D] [A] (B] [C] (D]
(A) 01M 02M 03M 04M (B) 04M 025M 02M O05M
(©) 0.2M 02M 03M 02M (D) 0.2M 02M 04M 02M
8. For the complex, Ag* + 2NHs == [Ag(NH3)2*]

(‘;’:j 2 x 107 L2 mol-2 st [Ag*] [NH3]? — 1 x 102 st [Ag(NHa)2"]

Hence, ratio of rate constants of the forward and backward reactions is :
(A) 2 x 107 L2 mol-? (B) 2 x 10° L2 mol-? (C) 1 x 102 L2 mol- (D) 0.5 x 10° L? mol-

9. Consider the elementary reaction sequence shown in figure. Which of the following equations are
correct?

A—>B

k4l lkz

D<«———~C
K,
(A) diAl —ka[A] + ka[D] (B) dicl _ k2[B] — ks[C]
dt dt
() —= d[D] = ks[D] + ks3[D] (D) Nothing can be said about order of reactions in this problem
10. The steady state concentration of the activated molecule [A*] in the following sequence of steps is given
by :
A+A Sy At pr
A+ A K25 oA
K,[A] K,[A] KK
(A) —=— (B) —— (C) KiKz[A] (D) —=%
Ky K, [A]

11. The o activity in 1 g sample of 226Ra (t12 = 1600 years) is equal to :
(A) 2.19 x 102 dpm (B) 2.19 x 10 dpm (C) 2.19 x 106 dpm (D) 4.96 x 102 dpm

12. In the reaction N2 + 3H2 =— 2NHs
dx) _ : , INa] [H P s
— | =1 x 102 [N2] [H2]® — 1 x 10-2 [NH3]? and at some instant if = 10% M?
dt NH,]?
L dx ) .
then at this instant value of ot is :
(A)O (B) 1 x 10° (C)1x10-> (D) 1 x 1073
13. A (aq) —» B (aq) + C (aq) is a first order reaction.
Time t 0
moles of reagent ny n2
Reaction progress is measure with the help of titration of reagent ‘R’.If all A, B and C reacted with

in the ratio of 1 : 2 : 3 with the reagent.The k in

reagent and have ‘n’ factors {n factors; eq.wt. = mol.wt Wt}
n

terms of t, ntand nz2 is :

1 n, _1- 2n2 _} & :} L
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14. ForA — B — C, at what time will B be present in greatest concentration ?
1 2
k k k
(A) L (B) ! In—* © 1 In—L (D) None of these
Kz _Kl Kl _Kz kz Kz _Kl kz
15 A K=2x10"°s! B K=8x10°s™" I K=3x103s! D
The rate determing step of the reaction is -
(AVA— B (B)C—D (©)B—>C (D) A—>D
16. A reaction is catalysed by H* ion;and in the rate law the dependence of rate is of first order with respect

to the concentration of H* ions, in presence of HA rate constant is 2 x 10-3 min~! and in presence of HB
rate constant is 1 x 10-3 min~1. HA and HB have relative strength as :

(A) 0.5 (B) 0.002 (C) 0.001 (D) 2
MATCH THE COLUMN
17. Match the order of reaction (in List I) with its property (in List I1) :
List I (order) List Il (Property)
A | zero () | Half life o aiz
. . 1
(B) | First (g) | Half life A
(C) | Second (n Half life is doubled on doubling the initial concentration
(D) | Third (s) | 50% reaction takes same time even if concentration is halved or doubled.

NUMERICAL VALUE TYPE

18. A 1 mL sample of a bacterial culture at 37°C is taken, and diluted to 10 L. A 1mL sample of the diluted
culture is spread on a culture plate. Ten minutes later, another 1mL sample taken from the original
culture diluted and spread in the same way. The two plates are incubated for 24 hours. The first sample
exhibits 48 colonies of bacteria, the second 72 colonies. If we assume that each colony originates with
a single bacterium, what is the approx generation time in minute (time required for doubling the
population).

19. Decomposition of H20: is a first order reaction. A solution of H20: labelled as 20 volumes was left open.
Due to this, some H202 decomposed. To determine the new volume strength after 6 hours, 10 mL of
this solution was diluted to 100 mL. 10 mL of this diluted solution was titrated against 25 mL of 0.025 M
KMnO4 solution under acidic conditions. Calculate the rate constant for decomposition of H202 in hr.

Report your answer as k x 100. [In % =0.1335]

ONE OR MORE THAN ONE OPTIONS CORRECT TYPE

20. Which of the following are example of Pseudo uni molecular reaction?
(A) CH, —C—OC,H, + H,0 —" 5 CHyCOOH + C2HsOH
|

(B) C12H22011 + H20 H—®> CeH120s6 (glucose) + CsH1206 (fructose)
(C) CH, —~C-0C,H; + H.0 —2* CH, —C-OH + C,HsOH

| g
(D) CH, —('ljl— Cl + H2O —— CH3COOH + HClI
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21. A reaction takes place in three steps. The rate constant of the three steps are ki, k2 and ks respectively.

k, k

The overall rate constant k = -2
2
The energy of activation for the three steps are 40, 30 and 20 KJ respectively. Therefore :
(A) Overall energy of activation is 10 KJ
(B) Overall energy of activation is 30 KJ
K, K
(C) The reaction mechanism is 2A =— A*+A; A* TB> product and overall order is one.
rds

2

(D) The reaction mechanism is A 4 ,B;B—*3c;cKy product and overall order is one

22. The rate expression for the reaction :
NHsCNO ——— NH2CONH: can be derived from the mechanism :
K,
i. NH4CNO ? NHsNCO (Fast)
i, NH,NCO—*ssNH, +HNCO (Fast)
i NH, +HNCO—*¢>NH,CONH, (Slow)
Which of the following statement(s) is/are correct about the rate expression ?
(urea) (urea) 3
NH,CNO NH,CNO
(A) k2 [ ] (B) s k k [ ]
d Qurea) _ Ky xK
(C) —“=2 _ K[NH,CNO] (D) —re2) _ %1% [NH, CNO]
dt dt k, xk,

PART - IV : PRACTICE TEST-2 (lIT-JEE (ADVANCED Pattern))

Max. Time : 1 Hr. Max. Marks : 63
Important Instructions

A. General:

1. Thetestis of 1 hour duration.

2. The Test Booklet consists of 21 questions. The maximum marks are 63.

B. Question Paper Format :

3.  Each part consists of five sections.

4.  Section-1 contains 8 multiple choice questions. Each question has four choices (A), (B), (C) and (D) out of

which ONE is correct.

5.  Section-2 contains 4 multiple choice questions. Each question has four choices (A), (B), (C) and (D) out of
which ONE OR MORE THAN ONE are correct.

6.  Section-3 contains 5 questions. The answer to each of the questions is numerical value, ranging from 0 to
9 (both inclusive).

7. Section-4 contains 1 paragraphs each describing theory, experiment and data etc. 3 questions relate to
paragraph. Each question pertaining to a partcular passage should have only one correct answer among
the four given choices (A), (B), (C) and (D).

8.  Section-5 contains 1 multiple choice questions. Question has two lists (list-1 : P, Q, R and S; List-2 : 1, 2,
3 and 4). The options for the correct match are provided as (A), (B), (C) and (D) out of which ONLY ONE
is correct.

C. Marking Scheme:

9. For each question in Section-1, 4 and 5 you will be awarded 3 marks if you darken the bubble
corresponding to the correct answer and zero mark if no bubble is darkened. In all other cases, minus one
(= 1) mark will be awarded.

10. For each question in Section-2, you will be awarded 3 marks. If you darken all the bubble(s)
corresponding to the correct answer(s) and zero mark. If no bubbles are darkened. No negative marks will
be answered for incorrect answer in this section.
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11. For each question in Section-3, you will be awarded 3 marks if you darken only the bubble corresponding
to the correct answer and zero mark if no bubble is darkened. No negative marks will be awarded for
incorrect answer in this section.

SECTION-1 : (Only One option correct Type)
This section contains 8 multiple choice questions. Each questions has four choices (A), (B), (C)
and (D) out of which Only ONE option is correct.

1x= 60 % of a first order reaction was completed in 60 min. The time taken for decompose to half of their
original amount will be :
(A) =30 min (B) 45 min (C) ~ 20 min (D) ~ 40 min

2. The decomposition of H202 can be followed by titration with KMnO4 and is found to be a first order
reaction. The rate constant is 4.5 x 10-2. In an experiment, the initial titre value was 25 mL. The titre
value will be 5 mL after a lapse of

(A)45x102x5min (B) IOL“E’fzmin © IOge—S/imin (D) None of the above
4.5x%x10 4.5%x10
3. In a second order reaction, 20% of a substance is dissociated in 40 min. The time taken by 80% of its
dissociation is :
(A) 160 min (B) 640 min (C) 200 min (D) 320 min
4, A simple mechanism for enzyme-catalysed reaction is given by the following set of equations
E + s = ES
(enzyme) (reactant) (intermediate-1)
ES S EP
(intermediate-1) (intermediate-2) T
EP = E + P
(intermediate-2) (enzyme) (product) P.E. 3)
This is known as the Michaelis—Menten mechanism. The potential 2) @)
energy diagram is shown in the fig. Which of the following sets of (1)

identifications is correct ?

Reaction coordinate—>
(Assume that the temperature and pressure are constant).

(1) (2) (3) (4)
(A) E+P. EP ES E+S
(B) ES Activated complex EP Activated complex
© EP Activated complex ES Activated complex
(D) E+S ES EP E+P
5. In a reaction carried out at 500 K, 0.001 % of the total number of collisions are effective. The energy of

activation of the reaction is approximately
(A) 15.8 kcal mol= (B) 11.5 kcal mol? (C) 12.8 kcal mol-* (D) zero

6.» A reaction, the rate constant is expressed as k = Ae—400%0'T, The energy of the activation is
(A) 40000 cal (B) 88000 cal (C) 80000 cal (D) 8000 cal

7. For the decomposition of H202(aq) it was found that Vo, (t =15 min.) was 100 mL (at 0°C and 1 atm)
while Vg, (maximum) was 200 mL (at 0°C and 2 atm). If the same reaction had been followed by the

titration method and if V}(<(v:v|'\ﬂ)o4 (t = 0) had been 40 mL, what would V}(<(v:v|'\ﬂ)o4 (t = 15 min) have been ?

(A) 30 mL (B) 25 mL (C) 20 mL (D) 15 mL

8. Consider the following reactions at 300 K.

A — B (uncatalysed reaction)

A2t B (catalyst reaction)

The activation energy is lowered by 8.314 KJ mol-! for the catalysed reaction. How many times the rate
of this catalysed reaction greater than that of uncatalysed reaction ? (Given e333 = 28)
(A) 15 times (B) 38 times (C) 22 times (D) 28 times
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Section-2 : (One or More than one options correct Type)
This section contains 4 multiple choice questions. Each questions has four choices (A), (B), (C)
and (D) out of which ONE or MORE THAN ONE are correct.

9= Which of the following graphs represents zero order if A—— P

Att=0= [Alo
Att=1t= [Alt
1AL
T T Slope = -k i T
(A & ® " ©™| e (D)
t— [ [ (AL >

10.= In a hypothetical reaction X — Y, the activation energy for the forward and backward reactions in 15
and 9 kJ mol=1, respectively. The potential energy of X is 10 kJ mol-1. Then Plot of ti2 vs. concentration
(A) The heat of reaction of 6 kJ
(B) The potential energy of Y is 16 kJ.
(C) The threshold energy of the reaction is 25 kJ
(D) The reaction is endothermic.

11. Which of the following plots are correctly made for the reaction nA —— (A) if it obeys first order
reaction ?
A | N\ - T ~dIAl
(n o (8) S~ (© " ®
t— t— t— [A] »
12 A certain reaction A — B follows the given concentration (Molarity)-time  °°
graph. Which of the following statements is/are true ? T 04
(A) The reaction is second order with respect to A Ay 03
(B) The rate for this reaction at 20 s will be 7 x 103 M s, 0z
(C) The rate for this reaction at 80 s will be 1.75 x 10-3 M s! 0.1 5
(D) The [B] will be 0.35 M att=60 s 0 20 40“ QO\?O_ 100

Time (sec) —»

Section-3 : (Numerical Value Type.)
This section contains 5 questions. Each question, when worked out will result in numerical
value from 0 to 9 (both inclusive).

13.= At some temperature, the rate constant for the decomposition of HI on a gold surface is 0.08 M.s.
2HI (9) —> Ha(g) + 12(9)
What is the order of the reaction ? How long will it take for the concentration of HI to drop from 1.50 M
t0 0.30 M ?

14. Identify the reaction order from the following rate constant :
k=2.3x105Lmolls™1.

155» 3A+B—C+D
Mechanism of given reaction is :

Step 1: A+B X, E
Step 2 : E+2A % ,C+D

What is the total order of reaction considering steady state approximation.

16.= A reaction take place at 300K. When catalyst is added rate of reaction increases. Calculate the change
in temp (in °C) which would have same effect on rate of reaction as that of catalyst. (Assume catalyst
change the activation energy by 20%).
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17. Consider the following chemical reaction and the corresponding kinetic data showing the initial reaction
rate as a function of the initial concentrations of the reactants :
H3AsOas(aq) + 2H30%*(aq) + 3I(aq) > HAsO2(aq) + Iz (aq) + 4H20(liq)
Initial Rate x 107 (M/sec) [H3AsQO4] [H30"] [
3.7 0.001 0.01 0.10
7.4 0.001 0.01 0.20
7.4 0.002 0.01 0.10
3.7 0.002 0.005 0.20
Using the data, establish the correct reaction composite order.
SECTION-4 : Comprehension Type (Only One options correct)
This section contains 1 paragraphs, each describing theory, experiments, data etc. 3 questions
relate to the paragraph. Each question has only one correct answer among the four given
options (A), (B), (C) and (D)
Paragraph for Questions 18 to 20
Study the two photochemical reactions and answer the question at the end.
For the overall reaction between A and B to yield C and D, two mechanisms are proposed :
. A+B AB*—— C +D, ki=1x10°5M1st
1. A—> A*—5 E, ki=1x10*%st
E+B—— C+D, ko=1x1019M1s1
(species with * are short-lived)
18. Rate according to mechanism | when concentration of each reactant is 0.1 M will be :
(A) 1 x 107 Ms™? (B) 1 x 106 Ms1 (C) 1 x 105 Ms? (D) 1 x 104 Ms?
19. Rate according to mechanism Il when concentration of each reactant is 1 M will be:
(A) 1 x 104 Ms™? (B) 1 x 1020 Ms1 (C) 1 x 108 Ms™? (D) 1 x 1019 Ms™?
20. At what concentration of B, rates of two mechanism are equal :
(A) 1M (B)5M (C)7M (D) 10 M
SECTION-5 : Matching List Type (Only One options correct)
This section contains 1 questions, each having two matching lists. Choices for the correct
combination of elements from List-l and List-1l are given as options (A), (B), (C) and (D) out of
which one is correct
21.» Match order of the reaction (in List—I) with the corresponding rate constant (in List—Il) and select the

correct answer using the code given below the lists.

List I (order) List Il (rate constant)
1 1 1
k= —|— _ _—
(P) | Zero @ ot {(a—x)z az}
(Q) | First 2 |k= % Laix)—ﬂ
(R) | Second @) | k= %
. 1 ([ a )
(S) | Third 4 |k= ?Iogek(a_x)J
Code :
P Q R S P Q R S
(A) 3 4 2 1 (B) 1 2 4 3
(©) 3 1 2 4 (D) 2 3 1 4

/\
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Practice Test-2 ((IIT-JEE (ADVANCED Pattern))
OBJECTIVE RESPONSE SHEET (ORS)

Que. 1 2 3 4 5 6 7 8 9 10
Ans.

Que. 11 12 13 14 15 16 17 18 19 20
Ans.

Que. 21

Ans.
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B APSP Answers

PART - |
1. ©) 2. ) 3. ©) 4. () 5. )
6. ©) 7. ) 8. A3) 9. () 10. (&)
11. (2 12. (3) 13. (2 14. (4 15.  (4)
16.  (3) 17. (1) 18. (2 19. (1) 20. (2
21. 3 22. 3 23. 2 24. 8 25. 1
PART - Il
1. 1) 2. 1) 3. () 4. 4) 5. ©)
6. ©) 7. (1) 8. (4) 9. ©) 10. (1)
11. (1) 12. (3 13. (@) 14. (2 15.  (2)
16. (1) 17. (2 18. (3 19. (4 20. (3)
21.  (3) 22. (2 23. Q) 24.  (4) 25, (1)
26. (1) 27.  (3) 28. (3)
PART - IlI
(C) 2. (©) 3. (©) 4. (B) 5. (D)
. (A) 7. (©) 8. (B) 9. (©) 10. (A
11.  (C) 12. (A 13.  (B) 14. (A 15.  (B)
16.  (C) 17.  (B) 18.  (C) 19. (D) 20.  (C)
21.  (C) 22. (D) 23. (A 24. (D) 25.  (C)
26.  (B) 27.  (B) 28. (D) oo (G 30. (A
31.  (C) 32. (B 33. (A 34. (D) 35. (C)
36. (C) 37. (B 38. (B) 39. (A 40. (B)
41. (D) 42.  (B) 43. (C) 44, (D) 45. (D)
46.  (B) 47.  (C) 48. (A 49. (B 50. (C)
51.  (C) 52.  (A) 53. (A) 54. (D) 55. (D)
56. (A) 57. (C) 58.  (A) 59.  (C) 60. (B)
61.  (C) 62.  (B) 63.  (C)
PART - IV

tj (b) straight line with slope — g (c) % Q/[A]O

1. @) JK:(\/E-

N | X

In [P—O) (b) k =

(P ) 1 { P }
2. k = In| —=— dy k== ®
(a) t nLPoo_PtJ () tn Poo_Pt

1 1.0 P ) _
? ?lnk 0 J (C)k—

&
2P, —P, t
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3 _ 0.693
Ki + Ky
4, % = e FaRT = 3,13 x 10°%. = Fraction of Molecule Having Sufficient Energy. 5. t=7.5sec
6. (A) 7. (B) 8. (B) 9. (B) 10. (B)
11. (A) 12. (A) 13. (D) 14. (B) 15. (©)
16. (D) 17. (A)—> (N;(B)—>(s);(C)—>(@); (D) — (p) 18. 17
19. 80 20. (AB) 21. (BC) 22. (AC)
PART -V

1. (B) 2. (B) 3. (B) 4. (D) 5. (B)
6. (©) 7. (A) 8. (D) 9. (ABCD) 10. (ABCD)
11. (ABCD) 12. (BD)
13. From the unit of k given, the reaction is of zero order.

As this reaction is of the type 2A — Products, we apply,

kO:i where n =2 or kozw or O.OS:M = t=75s

nt nt 2t
14. Second order 15. 2 16. 75 17. 4 18. (A)
19. (A) 20. (D) 21. (A)
Hl APSP Solutions
PART - |

1 Alg)  + 2B(9) - C(9)

t=0 0.4 atm 1 atm 0 atm

t=t (0.4 -0.3)atm (1 — 0.6)atm 0.3 atm

Since reaction is elementary.

So, Rate of reaction w.r.t. A & B will be of order equal to stoichiometric coefficient
Rate = K [A] [B]?

Rateqnitiany = K [0.4] [1]?

Rateftert =) = K [0.1][0.4]?

Ry _ K[0.[04]* _ 1

Ry  KIOA4[L ~ 25

2. Rate constant change on changing temperature.
3. As tso% is constant. Hence order of reaction is 1.
0.693
ts00% =
0.693
n=1,tw=
1/2 K
2 -4
4. Keg = Xt = [CHsI® [CHs = 22 =105M™
Ky [CoHe] 10
-3 -542
1'57; 107 (101 ) - ko = 1.57 x 107 L mol-ts-t
b
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2.303, (Ca,)
5. k= I 0
t OgL Ca J
(Ca)
2. x1=2, log| —2*
303 303 ng Ch )
C
“h =10 CA= =~ =01
Ca 10
rate after 1 min r1 = k.Ca = 2.0303 x 0.1 = 0.2303 min—
6. ro = K[A]? [B] ; r2 = k[2A]? [2B] =8 11
7. A —»B+2C+3D
Optical rotation — 01 62 03
t=0 a 0 O 0 Optical rotation att = 0 is zero.
t=t a-x X 2x 3x  Optical rotation at time =t is (x.01 + 2x.02 + 3x.63).
t=o0 0 a 2a 3a Optical rotation at time = w is (a.01 + 2a.02 + 3a.03).
(X.01 + 2x.02 + 3x.03) = rt; (a.61 + 2a.02 + 3a.03) = 1
e , - e
91+ 262 ar 393 91+ 292 + 393
k = }|n|: a j| = 1|n|:r°°:|
t a—Xx t I —It
8. First step is slow (require large activation energy) second step is fast (less activation energy) and
overall reaction exothermic, so product energy level should be less as compare to reactants.
9. ri. = k[A] [B]? = k[0.6] [0.80]?
After reaction
A + 2B — C + D
0.6-0.2 0.8-0.4 0.2 0.2
0.4 0.4 0.2 0.2
r, _ k(04)(04)* _ 1
n (0.6)(0.8% 6
= +
10.m  We know _d@Brog) _ _1dBr) __1dH) _, dBr)
dt 5 dt 6 dt dt
Then by this relation dBrp] _ _3 dBr]
dt 5 dt
11. Rate = k [conc]" —— Independent of conc. of A.
12. More is the activation energy less is the rate of reaction.
13. te = %;tuz:TInZ so%:TInZ;t:4TIn2
14. Slow step is the rate determining step (RDS) and (N202) is the reactive intermediate.
r=kz2[N202]J[O2] ... 0]
From reversible reaction, [N202] is
ki _ [N2O,] .
— === ii
ki [NOP W

substitute [N202] in equation (i),
r=ke {k‘i] [NOJ2 [03]
-1
ki)

Hence, rate constant = kz[fJ
1

k_

AN Resonance®

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in

Educating for better tomorrow

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005 \

Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Chemical Kinetics ~ ﬂ—
15. For nth order, ti2 oc (1),

tl% or  tiz x (a)"~!=Constant

@ "

Given ti2 x (@)"~1 = Constant
= @"1t=(a)? = n-1=2 = n=3
Hence, third order reaction.

16. It is fact.
17. For zero order reaction, ti2 o« (a)!

0693 M _ 2

18. A=A+Ai2; A=

A, 98
A1 =0.00063 year; A2 =0.03087 year

19. AaNa = AeNBs (- rate of disintegration are same)
Na _ Ag _ 2

20. 8aP0218 5 goPp24 + sHe? ; g2Pb214 5 g3Bj2l4 + ;0
Pb214 to reach maximum number of nuclei

L In Mo 247.5 sec. where, iA1= %; 2= 0.693
M-y A 183 161

tmaximum =

25. o2M ——01M —> 0.05M
ty2=5 hr ty,=5 hr

From 0.2 M —— 0.05 M

So ti2 is constant which is characteristic of first order reaction. Hence, ti/2 o (1)°.

PART -1l

1. K=(molL-1) " sec?, n=0, 1.

2. Order is the sum of the power of the concentrations terms in rate law expression. R = [A] . [B]?
Thus, order of reaction =1 + 2 = 3.

3. H2 + I - 2HI
When 1 mole of H2 and 1mole of I, reacts, 2 moles of HI are formed in the same time interval.

_A[Hz] _ _A[Iz] _ EA[HI]
At At 2 At
The negative sign signifies a decrease in concentration of the reactant with increase of time.
4. Ratel = k [A]" [B]™
On doubling the concentration of A and halving the concentration of B
Rate2 =k [2A]" [B/2]™

Thus the rate may be expressed as

Ratio between new and earlier rate. w =2"x (Ej =2""

K [A]" [B]" 2
5. Rate: = k [NOJ? [O2]
When volume is reduced to 1/2, concentration become two times,
Rate, _ Kk[NOJ*[O,] o Rate,
Rate, Kk[2NOJ*[20,] = Rate,

Ratez = k [2NOJ? [202] = % Ratez = 8 Rates.

6. In Arrhenius equation, k = Ae —Fa/RT
k = rate constant, A = frequency factor
T = temperature, R = gas constant, Ea = energy of activation.
This equation can be used for calculation of energy of activation.
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Chemical Kinetics ~ ﬂ—

7. The concentration of the reactant decreases from 0.8 M to 0.4 M in 15 minutes, i.e., ti2 = 15 minute.
Therefore, the concentration of reactant will fall from 0.1 M to 0.025 in two half live. i.e., 2tz =2 x 15 =
30 minutes.

8. 2A+B—C rate = k [A] [B]

The value of k (velocity constant) is always independent of the concentration of reactant and it is a
function of temperature only.

N

9. tiz = 4 hours n:L:2—4:6; N = No 1

t,, 4 2

6
o, N=200x 1] c200xixiai il 51054

2 2 22 2 22
10. For endothermic reaction, AH = +ve AH = E; — Ep, it means Ep < Ey.
11. Generally, molecularity of simple reactions is equal to the sum of the number of molecules of reactants

involved in the balanced stoichiometric equation. Thus, a reaction involving two different reactants can
never be unimolecular.

12. Given rate = k [COJ?
Thus, according to the rate law expression doubling the concentration of CO increases the rate by a
factor of 4.

13. NO(g) + Brz(g) =—— NOBr2(q)

NOBrz(g) + NO(g) —— 2NOBIr(g) [rate determining step]
Rate of the reaction (r) = k [NOBrz] [NO]
where [NOBrz] = Kc [NO] [Brz]
r = k. Ke. [NOJ] [Brz] [NO]
r = k' [NOJ? [Brz].
The order of the reaction with respect to NO(g) = 2.

14. AHr = Ef — Ep = 180 — 200 = — 20 kJ mol-*
The correct answer for this question should be —20kJ mol=2. But no option given is correct. Hence we
can ignore sign and select option

15. Let A be the activity for safe working.
Given Ac =10 A Ao x Noand A x N
2.303 N, _ 2.303 A,
tz= ——log > = —— log —=2
A N A A
2.303
= 0.693 log 104 = 2.303 x30 log 10 = 2.303x30 = 99.69 days ~ 100 days.
30 A 0.693 0.693

16. %A—) 2B
_1da) _ 1d@)
1/2 dt 2 dt
“d(A) _1d®)
dt 4 dt

17. In first order reaction for X% complation
2.303 100
k= log
t 100 — x%
0.693 _ 2.303 | [ 100 ]
t,, t 100-99
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Chemical Kinetics ~

0.693 _ 2.303x2

6.93 t
So, t=46.06 min.

18. A —— product
For zero order reaction

1 - :
t12 oc - a = initial concentration of reactant
a

tineca
(ty,), & . 1 2

(t1/2)2 - 050

-1
(tyz): @&,
5

tie = O— =0.25h.
2

19. Mechanism (1) rate = K [Cl2] [H2S]
Mechanism (2) rate = K1 [Cl2] [HST]

Keq = [IHS]
[H,S]
Keq[HZS]
[HS]= ——
[H]
Rate = K1 Keq. m
[H']

Mechanism (1) is consistent with this rate equation.

o ar 50
20,  RACANE _ )% = (2)0 =25 = 32 times
Rate at T,°C
21, Ki= Ae ™

- —Ea, /IRT
Ko= A,e

ﬁ - ie(Eaz—Eal)lRT
K. A,
Ki= K,Axe™'
22. K= 1I£=iln4

—In
40 0.025 40

R = KIAl' = = In4(.01) = 212 (01) = 3.47 x 10-4
40 40

23. Iog& £, [i—ij

K, 2030R\T, T,
ﬁzz ; T2=310K T1=300 K
1
-E, 1 1 -
=log2 =——3%—| ———— =E, =53598.6J/mol =53.6 KJ/mol Ans is (1)
2.303x8.134\ 310 300

24, 1.2 x 108 =K (0.1)* (0.1)Y = 1.2 x 108 =K (0.1)* (0.2)Y

2.4 x 1072 =K (0.2)* (0.1)¥ = R = K [A]* [B]°
25. Higher order (> 3) reactions are rare due to low probability of simultaneous collision of all the reacting

species.
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Chemical Kinetics ~

In 50 minutes, concentration of H2O2 becomes % of initial.

26.
= 2 x t12 = 50 minutes
J tuz = 25 minutes
. K= 0.693 per minute
ho, = 0.693 x 0.05=1.386 x 103
2z 25
2H202 —» 2H20 + O2
o, = % X o, r,, =0.693 x 103
r,, = 6.93 x 10~* mol/minute x litre
27. kl — AefEallRT c k2 _ Ae—(Eal—lo)lRT
In k_2 = E = 10 5 =4
k, ) RT 8.314x10° x300
28. Rate = K (pressure)"
R1 = K(Py)"
Rz = K(P2)"
n
Ri_|h P1=363— 205X _34485 p,= 363- 2033 _ 54321
R, [P
1 _(34485Y
0.5 (24321
2=(2" (=2
PART - IV
1. (a) A — B
—d[A] _ K [A]}
dt
A — B
t=0a=Co
t=t(a—x) = Ct
—d[A] _ K [A]}
dt
A, 1 t
[ dac=—[Kat
Ay (At)2 o}
1 Ct
A2 1 1
Cail 2[(C) ~(Co) 1= -kt
(3) L
1 1kt kt kt
(A)? = (A) = = = VAR -2 VA= A, =5
K *T (Slope = - %)
®)  ACE [7] t+ VAo A n,
—> t
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(c) For Half life A = [%}
AO ktl/z ktl/z AO
— = — _— A — —
2 2 2 N0 Ty
_ 2 \/E\’AO _\’Ao _ 2 \/5—1 _ _ \/5(\/5_ 1)\fAO
t, = — = t,= — = «/Ao = tie
2k 2 2 k| 2 k
2. (a) A — B + C
t=0 a 0 0 a Po
t=t a-x X X (a—x) Pt
Kt=In [ a ]:» k=L [ Po)
a—X t L P J
(b) A — B + C
t=0 a 0 0 a o« Po
t=t a-x X X (a+x) oc Py = X oc (Pt — Po)
Ktzln[ a j = k:lln(L} = kzlln( Ro }
a—-x t Py (P —Py) t 2P, - P,
(c) A — B + C
t=0 a 0 0
Pt
t=t a-X X X 2X oc Py = X oc >
P
=0 0 a a 2a oc Py = a o ?‘O
Kt:m[ a j L k=lp( P
a-x t LPOO —P, J
(d) Al@9 — B(@ + C(s)
t=0 a 0 0
t=t a-X X X
=00 0 a a
Pt=x ;Pz==a
k_lm[ a } , k=1in| =
t a-—x t |P,—-P
K.
3. A —/]/—— B
K,
t=0 [Alo 0
t=t [Alo — x X
t=teq  [Ao]— Xeq = [Aleq ; Xeq = [Blea.
. o . ( )
(Ki + Ko) = =In LLJ =  (Ki+Kp)==In|_ Blq
t Xgq = X [Bleq
[B]eq - 2
(Ki + Kp) = l|r12 = t= In2
t Ks +Kp
5. From the unit of k given, the reaction is of zero order. As this reaction is of the type 2A — Products, we
apply
—(a— 2-0.5
ko=iwheren=2 or ko = a-@-x or 0.1= u
nt nt 2t
t=7.5sec
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6.

10.

11.

12.

13.

A + B
t=0 a=01M b=02M
t = 100s a-—x b —x
From question, r = k[A][B] and hence
1 n a(b —x)

or, 10-3 x 100 = 1 2.303 x log 0.1(0.2-x)
02-0.1 0.2(0.1-x)

X ~ 0.002 [A] =0.1 - x =0.098 M

A+B —C+D

dx | _
M -0
ki[A] [B] - ko[C] [D] = O ; ki [A] [B] = k2[C] [D]
[A] [B] = [C] [D]
04x025=0.2x05 = 1=1.

Equation : Ag* + 2NHz == [Ag(NHz3)2*]
dx

Given, — =2 x 107 L2 mol2 s [Ag*] [NH3]2 = 1 x 102 s [Ag(NH3)2*]

dt
dx _

For equilibrium — =
dt

2 x 107 [Ag*] [NHa]2 — 1 x 102 [Ag(NH3)2*] = 0

[Ag(NH;),"] _ 2x10’
[Ag']NH,>  1x10°?

=2 x 10° L2 mol—2.

In given sequence of Rxn % = k2 [B] — Kz [C]

A+A S5 A+ A A+ A —S2 5 oA

Rate of decomposition A = Ki[AJ?

Rate of formation A = K2[A] [AY]

At equilibrium rate of decompaosition = rate of formation
Ki[A]? = Ko[AJ[A*]

N = Ky
AT = K2[A]

Activity = ANo - 0693 % x Na

t1/2

Given Rxn
N2 + 3 H2 =— 2 NH3
d_x
dt

3
X _q then —[NZ][HZZ] =
dt [NH,]

Hence the reaction will be at equilibrium at the given instant.

=1 x 102 [N2] [H2]® — 1 x 10-3 [NH3]?

when 10-°

A(ag) —— B(ag) + C (aq)
t=0 a 0 0
t=t a—x X X
t=o0 0 a a
(@a—x)+2x+3xcn

a+4xoen L. 0]

2a+ 3a «nz

/\
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Chemical Kinetics ~

14.  y= _ka [e‘klt - e‘kzt]

k, —k,
d_y =0
dt
—kieMt+ koe*=0  So, tmax = = Lt
K1 - Kz kz
15. Slow step is rate determining step.
16. We know
Rate = k [conc.]
Given Rxn catalysed by HA and HB
Rate constant ka = ki1 [H*]a
ks = ki [H*]s
Then relative strength of acids A and B is
Ky _ H
ke  [H
H* i
2 = Q = strength of [ACI,dA]
1 [H]; [AcidB]

1

17. ty2 o0 ——
(initial conc.)

order—1

18. t1=

K= (InS—In2j
10
In2 (InS—InZ]
(ty2) 10
0.80 _ 0.48-0.30
(ty2) 10

®
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19.

21.

22.

0.30 _ 018
(t,,) 10
tiz = 30x10 = 17 minutes (Approx.)

For titration, [M1V1] V.F1 = [M2V2] V.F2
M1 x10x2=0.025%x25x%x5
M1 = 0.15625
Now molarity of diluted solution = 0.15625
So molarity of original solution = 1.563

C
So, K= %In (—OJ

Cl
2.303 1.786
K= lo
6 1.563
K =80 sec
K = KKy
KZ
_E ]
Ae = _(Ea)overall = Ale RT XA3e RT
RT E]
Aze RT
Ae _(Ea)overall = A1A3 e’%
RT A,
(Ea)overall = Ei1 + Es— E2 = 30 KJ/mole
K
—
2A Ko A+ A [Fast]
K £ K
Koo A o g = R
K. [A] K,

K.,K
rate = Ka[A*] = % [A]

2

% [NH2CONH2] = ka[NH3][HNCO] from (i)

Applying steady state approximation to HNCO or NHs
= O = ks [NHaNCO] — ka[NH3][HNCO]

d[HNCO]
dt
k, _[NH,][HNCO]

k, [NH,CNO]

k
dlureal _ ., x [NHSJHNCO] = k, x <2 [NHaNCO]
dt K,
k
Also, [NH:NCO] = k—l x [NH,CNO]
2
k
diureal _ K1 INH,CNO] = KINH:CNO]
dt K,
®
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PART -V

0.69

t1/2 - k k
2.3 100

0.3x2.3

2.3, 10
log

k °100-60 Kk -4

tep, = —10g
10

— £|og_
60 4

0.3x23 _23,

k

t1/ 2

0.3

t

N[ =
(o))
o|"

0.3

04

t1/2 - 60
Use direct relation

t2=0.3, t,, = (Iog

10
tooo, = IogZ =(0.4)

t, _03
t 0.

N

60%

Use the formula

2303 Vo _1.Vq

t log

For second order reaction,

="|n—= =
Kk °V, Kk V

10

=—"lo
60 g4

[1-2log2] = 6—10[1— 0.6]

60x0.3 .
t,, =——=45min
vz 0.4

100 ]

100 -x

03 60x3

X —— =45 min
0.4 4

tz = g,

1 25mL log.5 .
> .. N = min
4.5x10™ min 5mL

4.5x107?

When x = 20%, (a — x) = 80%, a = 100%

1 X 1

20 1

k =-. = —X =
? t'a(@-x) 40 100x(100-20) 2x100x80
When x = 80%, (a —Xx) = 20%

1 80 1

2 == X = ——
t 100x20 25

From equations (i) and (ii),

{_ 2x100x80

25

= 640min

Intermediate and product have less potential energy than activated complex.

The fraction of molecules having energy equal to or greater than Ea is :

X =
N

-E,
2.3xRT
E

log 105= ——2a
2.3x2x500

logx =

(R=

N _ o E/RT [x _ N 0.00106 = 2001 _ 10—5]
N 100

2cal molt K-1, T = 500 K)

Ea=11.5 x 103 cal mol-* = 11.5 kcal mol-

K = Ae—Ea/RT
k = Ae—4OOOO/RT

from (i) and (ii)
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10.

12.

E, _ 40000
RXT T
Ea =40, 000 x 2 cal = Ea = 80,000 cal

Vo, (t=15min.) =100 ml (at1 atm, 0°C)

X oc 100 ml
Vo, (t = 00) = 200 ml (at 2 atm, 0°C)

=400 ml (at 1 atm, 0°C)
a o« 400 ml

i.e., in 15 min 25% of reaction proceeds. Hence Viyno, Will be % x 40 = 30 mL.

A — B (uncatalysed reaction)

A8t B (catalyst reaction)

K = A g—Ea/RT

Kcat. — Ae_Ea(cat.)/RT
A
E,—E )x——
Kcat. _ e( a a)XRT
K
8.314x10°
K 8.314x300 "
|°<a‘- = @552 = @333 = 28 times

tre oc (@)1 =" ; [Al: = [Alo — kt and X = kt are integrated form of zero order.

For reaction X > Y

THE
=15+10
=25kJ

E.
=15kJ

E.o”9kd

{ aH=15-9=6k

PE of x
=10kJ

PE of y
=16 kJ

Ean = 15 kJ mol?, Eap) = 9 kJ mol?
Heat of reaction Eag — Eap) = 15— 9 = 6 kJ mol
Potential energy of Y is =10 + 6 = 16 kJ

Thershold energy of the reaction = PE of X + Eapn= 10 kJ + 15 kJ = 25 kJ

The reaction is endothermic beacuse Ea@ > Eap)

Use initial rate law method, let the reaction be first order,

SO, k:mk)gi

a-x

2.303 0.4
B) Att=20s, k; = | (—]
®) 1= %0 902

and att=40s, ko = @Iog[o'—‘l] =k,
40 0.1

= Assumption is corret (k1 = k2)
Rate at 20s = k[A] = 2293 ,0.2 = 0.0063 ~ 7 x 10-% Ms*

Clearly, half life ti2 = 20s

(D) In 60 s, number of life = %:3

3
—  [B]at60s = o.4—o.4@ =0.35M

/\
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13.

15.

16.

17.

18.

19.
20.

21.

From the unit of k given,
As this reaction is of the

the reaction is of zero order.
type 2A — Products, we apply,

kO:i where n =2 or kozw or 0.08 = 1:20-0:30
nt nt 2t
t=75s
From steady state approximation
‘;—'f = K1 [A] [B] = K2[E] [A]? = 0
_ KyAlB] _ ki [B] dB _
E]= 100 = B So -— =kiA] [B
IE] KA ko [A] a T A
dA _ 2 _ ki [B] 2
or ot = KalAT [B] + 2Ka[E] [AF = kulA] [B] + 2 kz x 11 TH AT = Ska[AB]
2
1 dA _
. ki[A] [B]
mka - E_a[i_i\ ............ @)
Ky R\Ty T,
ﬁ,nK—C = Ba—Bac for effect of catalyst new Kc = Kz
Ky RT,
mKe - Ba-Bae (ii)
Ky RT,
from (i) and (ii) Ba—Ba E—a{ii}
RT, R \T, T,
11 _ BBy
T Ty E,Ty
1 1 _ 100-80 20 1

300 T, 100x300 100x300 ~ 1500

1 1 1 _5

Y

T, 300 1500 ~ 1500 ~ 1500

T2=375 change

Assume rate law

in temp = 375 — 300 = 75 Ans.

r = K[HsAsO4]* [H3O*]Y [I7]*
Solving by the help of various experiements

Xx=1,

y=2 and z=1 total order = 4

. Rate law for mechanism |
Rate = kit [A] [B]

Rate =1 x 10-°
(. Rate =1 x 10
(). Ratel =Rate Il

[[1] [1] =1 x 10" m/sec.
x[1]=1x10+*

kit [A] [B] = k1 [A]

:ﬁ:lOM
ki

Zero order,

First order,

Second order,

Third order,

/\
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