Chemical Kinetics ﬂ_
Bl Exercise-1

% Marked questions are recommended for Revision.

» e yee JERm a7 e B

PART - | : SUBJECTIVE QUESTIONS

AT - | : fASqTHP Y99 (SUBJECTIVE QUESTIONS)

CHEMICAL KINETICS-I

R—IfP FATfd)-|

Section (A) : Rate of chemical reaction and Dependence of Rate : Basic
oS (A) : RIS AffhaT Bt T e &R B iR : e
A-1.  The oxidation of iodide ion by peroxy disulphate ion is described by the equation :
31~ (aqg) + S208? (ag) —— Iz~ (aq) + 25042 (aq)
A[S,07 ] All’]
At

(a) If — = 1.5 x 10~ Ms™ for a particular time interval, what is the value of e for the same

time interval ?
(b) What is the average rate of formation of SO4?~ during that time interval ?

ATATSTSS INMIH BT IRIATRA SISHAPHT AT & gRT AARANHRT BY 4 ifAfehar gRT samm 1 & |
3I- (aq) + S208% (aq) — Is~ (aq) + 25042 (aq)

(a)a%ﬁrﬁﬁﬁaawﬁﬂaa%m—A[SZ—?g]

—% P AF 91 B P

(b) S THITRTE & SR SO42 & 99 &1 Ad &% a7 8Rf 2
Ans. (a)4.5x10°%Msec? (b)3.0x 10 M sec™
Sol. €) 3~ + S208% —— |73 + 25042

=15x 103 M ddvsl e d S IHIRIT W

dS,05] _, ¢, 10 “L AT _ -AIS,05]
dt 3 At At
_1Al] =15x 103 _ Al =45x1073
3 At At
2- A[SO 2] 2
(b) _A [SZOS ] - 1 4 =15x 10—3 - 1 A [804 ]
At 2 At 2 At
2-
M =3x 10_3
At
A-2.x  In the following reaction 2H20:2 (aq) — 2H20(¢) + O2(g) rate of formation of Oz is 36 g mint,
(a) What is rate of formation of H20? (b) What is rate of disappearance of H202?
=1 arfafshar 5 2H20. (ag) —— 2H20(¢) + 02(g), 02 & 94 @ &% 36 9 fAfe 1 g
(@) H2O & 9 &1 &% 1 87 (b) H20: & faqgw 8 &1 &% T 8117
Ans. (a) 40.5 g min (b) 76.5 g min?

Ans. (a) 40.5 7\ fAfe? (b) 76.5 7\ fAfE?
Sol. 2H202 —— 2H20 + O2
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Chemical Kinetics ﬂ_

% = 36 gram/ min = 1.125 mole/min
_1 d[H,0,] _1 d [H,0] _ d[0,]
2 dt 2 dt dt
€) d [;'tzo] = 2d cht)zl =2 x 1.125 x 18 Mole/min = 40.5 gram/min
(b) _ 1 d[H,0,] _ d[0,] _ d[H,0,] _ 2d [O,]
2 dt dt dt dt
=2 x 1.125 mole/min = 2 x 1.125 x 34 gram/min = 76.5 gram/min

A-3. Hydrogenation of vegetable ghee at 25°C reduces the pressure of H> from 2 atm to 1.2 atm in 50
minute. Calculate the rate of reaction in terms of change :
(a) In pressure per minute. (b) In molarity per second.

25°C R g94fa €l & BISgIoIaRel § Hz &1 <@ 50 fFe d 2 argAvsdd 9 1.2 agAvsd 0@ &4
BT © AffhaT § uRacds & ATve 991 $Y T B |

(a) <@ ufq fAme # (b) Arerar ufy dwbvs H
Ans. (a) 1.6 x 1072 atm min (b) 1.09 x 10° mol liter sec
Sol. (a) Rate of reaction = Chan.ge |r.1 pre§sure _ [ 2 1.6 x 1072 atm min—
Time in min 50 50
(b) - Change in molarity may be derived by PV = nRT ; % = %
ac=4P - 08 (o307

RT  0.0821x 298

Change in molarity _ 0.0327

Rate of reaction = =1.09 x 10~° mol liter~* sec™

Time in second  50x 60
Bl. (a) Srfwfshar &1 o7 = 0 ! -2-12 _08 .4 x 1072 qgHvsey et
g e | 50 50
(b) - Hrere ¥ uRads PV = nRT ; 1 =%
AC = A—P = L = 0.0327

RT  0.0821x 298

SRR @1 4T = AR = L0 sR g 1.09 x 1075 Hrf ofiex! dpvs?
I99 Hpvs § 50x 60

A-4.  The stoichiometric equation for the oxidation of bromide ions by hydrogen peroxide in acid solution is
2Br(aq) + H202(aq) + 2H*(aq) — Brz(¢) +2H20(¥)

Since the reaction does not occur in one stage, the rate equation does not correspond to this
stoichiometric equation but is rate = k|[H202] [H*] [Br].
(a) If the concentration of H20:is increased by a factor of 3, by what factor is the rate of consumption
of Brions increased.
(b) If, under certain conditions, the rate of consumption of Br- ions is 7.2 x 10~ mole dm=>s"!, what is
the rate of consumption of hydrogen peroxide. What is the rate of production of bromine.
(c) What is the effect on the rate constant k of increasing the concentration of bromide ions.
(d) If by the addition of water to the reaction mixture the total volume were doubled, what would be the
effect on the rate of change of the concentration of Br~. What would be the effect on the rate constant k.

H202 RT fHd) arelia faciaa & aarss M+l &1 ifRiieRor gidr 2 | 39 e vaadiexofafa sifafhar &
T B

2Br(aq) + H202(aq) + 2H*(ag) —— Brz(¢) +2H20(¥)
9fe Affhar v ug | &1 Bk 8, A AMGHAT BT I 3H ITHAAHPROIANT AMAHAT & AR &8Il
2 | afes afdfbar &1 9 = K[H202] [H*] [Br] 2 |
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Chemical Kinetics ﬂ_
() AT H202 %1 A=l 3 TON 9l & A1 Ugad Br & g 81 &1 <) fba 1 96 S |
(b) afe Fif¥e RN ¥, wga Br- @1 fagw 81 @1 &% 7.2 x 10 mole dm3s™! & @1 H.0: & Ugad
B @ X AT ERN  Br, & 9994 ®I g% /T 8RN |
(c) Br @ \T=dl 9™ R 3IMWfhar & 971 faaie k W @1 yWE 8T | |
(d) afs «ifwfpar fsor § o STef A1 | A AT 81 O B | a1 Br @) @il § uRadd @ )R W
FIT YT TSI | 971 FIais k R 9T UWTa 81 |
Ans. (a) 3; (b) Both rates are 3.6 x 102 mole dm=3s7!; (c) No effect; (d) Decreased by a factor of 8; No effect
Ans. (a)3; (b) T a7 3.6 x 103 A dm3s7' §; (c)aﬁs‘ g9d 78T, (d) 8 B OIS W T Wl ®, PIs UNE Tl
Sol. (a) 2Br (aq) + H20:2 (aq) + 2H* (aq) —> Br2 (¢) +2H20 (¢)

rate (&) = k [H202] [H] [Br] = 21 d [;f ]_-d [d|_t|202]
R:1 = k [H202] [H*] [Br] = 3R:

_dBr] [Str_] = 3R; = k! [Hz07] [H'] [Br]
) -1 d[Br] _ -d[H,0,] _ -1 d[H] _ +d[Br] _ +1 d[H,0]
2 dt dt 2 dt dt 2 dt
-1 d[Br] _ -d[H,0,] _ d[Br]
2 dt dt dt
1 [-dBr]]_ -dH,0,] _ , d[Br,]
2 dt dt dt
l [7 2 x 10—3] -d [Hzoz] -+ d [Brz]
dt dt
a6 1002 —91H:0a] _ , d[Br]
dt dt
(c) No effect (I U¥T@ &)
d) = k[H02] [H][Br]= %
=k [Hzoz] [H+] [BI’_] = -d [Br7]2
2 2 2 dt
r= % [k (H202)] [H] [Br] = %
1 —d[Br],
= -5 rl — ===
8 dt

Section (B) : Integrated rate law : Zero and First Order Reaction
QU (B) : GATHerd SX 99 @ ¥ e uem pife aifdfssan
B-1.  For the zero order reaction A—— 2B, the rate constant is 2 x 10-° M min~. The reaction is started with

10 M of A.
(i) What will be the concentration of A after 2 days? (ii) What is the initial half-life of the reaction ?

(iii) In what time, the reaction will complete?

I dife fAfhar A—— 2B, & fag &= f9die 2 x 10° M mint 2| fifsan AS 10 M & 1T UR™
Bl 1 () 239 & uvaa A @1 drsal &1 B2 (i) Il & URMS TGy &rd =i &1 | (iii)
JAfffhar & qof 89 H I g1 99 S ] |

10
2x(2x10°°)

® 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
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN: UB0302RJ2007PLC024029

Ans. (i) 9.994 M (i) (i) 5 x 108 min



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

Chemical Kinetics ﬂ_

Sol. For zero order reaction kt = [Ao] — [A]
(i) [A] = [Ad] — kt = 10 — (2 x 107%) x (2x 24x 60) = 9.994 M
(i) When t=ty2 [A] = [A—ZO]
[Ao]
[Ao]_io
Hence, tiz = 2 - Aol _ 10 —
k 2k 2x(2x107°)
(iif) When reaction is complete [A] = 0
= [A] o 10 =5 x 108 min
k 2x10°
Sol. ¥ @Ifc afafsar & fog kt = [Ao] — [A]
(i) [A] = [Ag] — kt = 10 — (2 x 1076) x (2x 24x 60) = 9.994 M
(i) 99t =tz [A] = [A;’]
[Ao]
[Ao]_iO
31, tuz = 2 - (Ao = 10 =
k 2k 2x(2x107°)
(iii) 59 rfafspar gof 8 [A]=0
B =5 x 10° min
k 2x10°

B-2.=. Substance A reacts according to a first order rate law with k=5 x 105 s,
(a) If the initial concentration of A is 1.0 M, what is initial rate .
(b) What is the rate after 1.0 hour. (Given e°18 = 0.84)
ucred A UM BIfe SR 99 & IfaR 351 axal © 1 399 k=5x 10° AHvs ' 5 |

(a) afs A @ URMS Arsar 1.0 M g, a1 RS <X @ grft
(b) 1.0 Tv¢ gare AfAfhar &1 I T B ? (fRam am 2 e 018 = 0.84)

Ans. (@)5x10°M/s (b)4.2x10°M/s
Sol. (@ K=5x10"°r=K[A!=5%x10°x1=5x10"°

(b) Ct= Coe™™
Ci= e—5x1o*5x3600 = g 018000 _ e—0.18 =0.84
In C:=-0.18
log Ci=— 9.18 =-0.07815
2.3

r=kCi=5x10°x0.84=4.2 x 10°
B-3.= A and B are two different chemical species undergoing 1%t order decomposition with half lives equal to 5

C
sec. and 7.5 sec. respectively. If the initial concentration of A and B are in the ratio 3 : 2. Calculate C—A
Bt

after three half lives of A. Report your answer after multiplying it with 100.

ATen B 11 = 1 Iafe wiRlisr &, fS9a vem &ife & qemiad) & 1gaR SgAgdre Has: 5
HpUe TAT 7.5 APUS & | e A TAT B BT YRS ATSIS ST AU 3: 28 d9 A B UF IFgATHTA B

miaﬁwaﬁm?&weﬂ?ﬁlooﬁwm%{@m

C * C g
Sol. At :(Ej and =&- = (})
Chro 2 Cao 2

OrﬁXCBO:lorﬁ:1x§:§:075
CBt CAO 2 Bt 2 2 4
Ans.  0075.
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Chemical Kinetics ﬂ_

B-4.= In the biological processes, the time taken by certain virus or bacteria to double its population, is called

Ans.

Sol.

generation time. In milk, at 37°C, lactobacillus acidophilus has a generation time of about 75 min.
Calculate the population relative to the initial value at 60 min.
Sifds ufshan # arR™ a1 JeRan & FAFd SE@n &1 g 81 § @ aTd 99 $1 Uiel 9Hg ded

21 37°C R g¥ # oaciiferad THe®ead & forg 9idt 9§99 75 fade § @1 60 fime W urf¥a a9
@ ATYE STTHEIT BT AT R |
1.73 time T |

K= 0693 _ 0.00924
75

Section (C) : Integrated Rate law : Second Order & Pseudo first order reaction

QU (C) : gATwfera * e : fadig +ife den vgw wem @ife sifafsan

C-1.

Ans.

Sol.

C-2.

Ans.

Sol.

C-3.

Ans.

Sol.

The rate constant for a certain second order reaction is 8 x 10> Mt min~t . How long will it take a 1 M
solution to be reduced to 0.5 M in reactant ? How long will it take from that point until the solution is
0.25 M in reactant.

fafteg fgd dife afafhar & v & FIdid 8 x 105M 2t min! 81 1M fRe™@9 &1 0.5 M dr<=dl d&®
H9 2 § foaa 997 oAl 21 It e 8§ ifferRe & Arsdl &I 0.25 M db 89 8§ o dTdl 989g
P IO DR |

1.25 x 10* min ; 2.5 x 10* min

i:i+Kt
C. C

0

Compound A and B react to form C and D in a reaction that was found to be second-order over all and
second-order in A . The rate constant —at 30°C is 0.622 L mol™ min~. What is the half-life of A when
4.10 x 102 M of A is mixed with excess B ?

Aifrs A T B failia dife sififisan & o/gaR foham = C den D =d 2 130°C R &R frdi® 0.622 L mol™?
minlg A1 99 A® 4.10 x 102 M B B & e & 11 A fsar Srar @ a1 A &) srgdeny, s g |
39.2 minutes fAfve

A+B—>C+D

Second order with respect to A

A% e fgdia ife #1 sifdfear &

then dd, tie = 1

= tuz = — =39.2min
a, 0.622x4.10x10

K

0
The reaction CHs—CH>-NO2 + OH™ —— CHs—CH —NO:2 + H2O obeys the rate law for pseudo first order
kinetics in the presence of a large excess of hydroxide ion. If 1% of nitro ethane undergoes reaction in
half a minute when the reactant concentration is 0.002 M. What is the pseudo first order rate constant ?
(log 99 = 1.996)

[©] -
JAfAfHIT CHs—CH2-NO2 + OH™ —— CHs—CH —NO2 + H20, BSsiadaTss I & Igalia &l IuRkefd #
BGH UH BIfc Jerifaadl & I 98 &1 ureq &l 28| A 1% AsgIveq ifwfshar &= # amen fafe
B FHI ol B qUT AWHRS A=l 0.002 M B a1 B4 U2 Ife 97 adie @1 g ? (log 99 = 1.996)
1.84 x 102 min!

1 100
K= —In| ——
1/2 [100—1

j =2(In 100 — In 99) = 2 x 2.303 (0.004) = 1.84 x 102 min~t

/\
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Section (D) : Experimental method to calculate order and rate law of reaction and
methods to monitor the progress of reaction

@ug (D) : WFTES fAaf & gR1 ®ife don fAfkar & ) Fgq & oFT gon aifafsar & yofa
DI YT A DI At

D-1.»=. The following data are for the reaction A + B — products :

conc.A | conc.B Initial Rate
(M) (M) (mol Lt s
0.1 0.1 4.0 x10*
0.2 0.2 1.6 x10°°
0.5 0.1 2.0 x 1073
0.5 0.5 1.0 x 1072

() What is the order with respect to A and B for the reaction?
(i) Calculate the rate constant.
(iii) Determine the reaction rate when the concentrations of A and B are 0.20 M and 0.35 M,

respectively.
If¥fhar A+ B —» Sarel & forg, 54 sies Ry v 2
Al A | 9=« B RS
(M) (M) (@ eiex-! Javs?)
0.1 0.1 4.0x10*
0.2 0.2 1.6 x 10°°
0.5 0.1 2.0x10°3
0.5 0.5 1.0 x 1072

() AR Bd dgd # ifafbar & dife w87
(i) X Fradie & T HISY
(iii) ST A 3R B &) Higamy HHa: 0.20 M 3R 0.35 M, & @1 3ififshar a7 s Hifvig
Ans. (i) rate =[A] [B] (ii) k=4 x 102M1s™ (jii) rate = 2.8 x 103M-s™
SWR. (i) 37 = [A][B] (i) k = 4 x 1029 1 ¥Hvs L (jii) 977 = 2.8 x 103 AIA APpvs *

Sol. (i) Rate = K[A]*[B]"

o) _(a) 4x107*
r, a, 20x10™*

g
0.5

1_ (1)
= =1
5 (5) Y
() Rate (€X) = K[A] [B]
(i) 4 x 10 =K [0.1] [0.1] = k=4x102n"sec?
(iii)r=4x 102 (0.2) (0.35)=2.8x 1073
D-2. (a) The half life period and initial concentration for a reaction are as follows. What is order of
reaction?
Initial concentration 350 540 158
ti2 425 275 941
(b) The half-life period for the thermal decomposition of PHs at three different pressures are given
below
Initial pressure (mm HQ) 707 79 37.5
Half--life (seconds) 84 84 83

What is the order of the reaction ?
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Chemical Kinetics ﬂ_
(a) T AR & oy aRMe Arsar &R ofg Y@ 7191 YR | 8 O sififhan & dife @ 87

URRTS Hel 350 540 158
ti2 425 275 941
(b) PHs: @& T 3mqees & folg o amgdral oM =1 @il R i g 9 faw g 2
UR™® @ (mm Hg) 707 79 375
I AYHTA (seconds) 84 84 83

afafpar & dife ®1 B 2
Ans. (a) (b) First Order (V2 ®Ife)

v [ - 2
( J ( )= B

—

-1
35 = l1-n=-1 = n=2.
51 54
(b) Half life period is almost constant is not dependent on Initial concentration. So reaction is first
order.

(1€ IMHId |AEIG: a8 o f5 urfves arsar R iR 718 &) <@ 71 o sifafan wem

BIfe B 2 1)
'[_1 _ & n-1
t2 Cl
D-3.=. For the reaction A —— products, the following data is given for a particular run.
time (min.) : 0 5 15 35
— (M) : 1 2 4 8
[A]
Determine the order of the reaction.

IFfafer A —— SR, e Ff¥Ed wam & o f=fafed eies R ™ 8—

THI (min) ;0 5 15 35
M2 1 2 4 8
[A] (M™):
AfAfrar @1 dife Fd BT |
Ans. 2
Sol. t: 0 5 15 35
[A] : 1 0.5 0.25 0.125

Second order reaction.

fe<ra @ife @1 sfAfshan |

Section (E) : Method to monitor the progress of Reactions (Titration Method and
Optical Activity Method)

gus (E) : Afffsan & yofa a1 sremaa &< 3 ARt (ergamae fafyr den yorefa wfthaar fafd)

E-1. For a first order reaction A —— 2B + C. It was found that at the end of 10 minutes from the start, the
total optical rotation of the system was 60° and when the reaction is complete, it was 180°. The B and
C are only optically active and intially only A was taken.
(i) What is the rate constant of the above reaction (in hour) ?
(i) At what time (in minute) from the start, total optical rotation will be 90°.
(Take log2 = 0.3, log3 = 0.48, log7 = 0.85, In10 = 2.3)
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Ans.

Sol.

E-2.

g BIfc & Al A —— 2B+ C. & ol I8 U™l &1 &1 U™ 9 10 fiie & uwaq, o3 &1
TH1RIe o 60° IR AT den W9 Afdfhar gof B Wi 21 99 ¥w 180° urm AT | i | dad B
a1 C UaIRie Afhd 8 a1 UR™ # daa A 81 forar |

() Saa 3rfAfehar &1 97 fadie (hour™ ®) @1 8 2

(i) IR=1 ¥ fram a7 W (e #) @a yailRie gof= 900 g ?
(log2 = 0.3, log3 = 0.48, log7 = 0.85, In10 = 2.3 @if31Y |)

(i) 2.484 hrt (i) % min.

(i)

Let molar rotation of B and C are rs and rc respectively.

AT B T C &1 Aok gO HH: rp T 1c B

A — 2B+C 2Xrg + xrc = 60° . (1)
Initially (IRf™®) a 0 0 2ars + arc = 180° ..(2)
Att=t (a—Xx) 2X X
Att= o — 2a a
X(2rs + rc) = 60° .. (3)

(ii)

and a(2rs + rc) =180° ...(4)

K=6In (gj hour

K =2.3 x 6 [log3 — log2]
K=2.3x6][0.48—0.3] =2.484 hr

t:lmi
K a-y
YR U 1
a 180 2
t=1in2=—1 xp2=1x 93 _1,030_5  45-50 1y,
K 6In§ 6 (0.48-0.3) 6 0.18 18 3
2

The kinetic of hydrolysis of methyl acetate in excess dilute HCI at 25°C were followed by withdrawing 2
mL of the reaction mixture at intervals of (t), adding 50 mL water and titrating with baryta water.
Determine the velocity constant of hydrolysis.

t (in minute) 0 75 119 259
Titre value (in mL) 19.24 24.20 26.60 32.23
in 2279 = 0.2454,1n 2272 =039, 1n 2272 = 0.8439]

17.83 15.43 9.8

o0

42.03

25°C W S@—3qESH &1 qerTaal & q%wq'\%ﬂfé‘cm H foy & 99 HCI # #f9 tiice & 999 3=RTa
(t) R rfAfhan s & 2 mL @1 Mdren S €, 50 mL Sid &1 el &R SRSl o & A1 JAgATId
oo AT B | ST JYECH &1 IN-aid S BT |

/\
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Chemical Kinetics ﬂ_

Ans.

Sol.

E-3.

Ans.

Sol.

Sol.

t (e #) 0 75 119 259 %
JgEIfua A9 (ML H)  19.24 24.20 26.60 32.23 42.03
[In 22.79 =0.2454, In 22.79 =0.39,In 2219 = 0.8439]

17.83 15.43 9.8

3.27 x 103 min™
2.303 42.03-19.24 2.303 22.79
k= lo = log
t 42.03-24.20 75 11.83

j: 3.27 x 103 min™.

The decomposition of hydrogen peroxide in an aqueous solution is a first order reaction. It can be
studied by titrating quickly 10 mL portions of reactions mixture at various times from the t = 0 of reaction
against a standard solution of KMnO4. Volume of KMnO4 solution used in each case is proportional to
the remaining concentration of H20..

From the following data calculate the rate constant of the reaction,

Time (seconds) 0 600 1200

KMnOa solution used (mL) 22.8 13.8 8.2

TESIo Wiaags &1 A S fAema § yom dife aififhar 81 $9& 10 mL &1 AT aofl |
g | ififhar & Mo o1 A= 999t =094 KMnOs & AM® fadee & fIeg srgwifia fbanr |
A% R § KMnO4 &1 STIRT § 3777 g1 AT H20, 31 3 991 g8 Arscll & FAgun siam & | 7
IR | ffhar & forg &% fFadie &1 Mo a1 |

Y (ADHUS) 0 600 1200

JUANT H 3T g3 fderdd KMnO4 (mL) 22.8 13.8 8.2

0.000844 sec™
Here a = 22.8, a— x = Vol. of KMnO4 used at various times t.

At time 600 seconds : k= 3 log 228 =0.000837
600 13.8
At time 1200 seconds : k= 303 log 228 = 0.000852
1200 8.2
Average value of k = 0'000837; Q-000852 = 0.000844 sec™
JBla=22.8,a—x=tFAT W ITART H AT 8 KMnO4 HT AT
600 AHTS TR, =" log 228 _ (000837
600 13.8
1200 HHTE W, k2 2308 log 228 _ (000852
1200 8.2
K B arad A = 0.000837;0.000852 —0.000844 sec-t

Section (F) : Complication in 1st Order Reaction
@us (F) : oM dife afifpar § wifeean

F-1.=. For a first order reaction

« 2B
A/7
\KZ—\SC

Percentage of B in the product is 30%.Calculate the value of k1 and ka. ((tw2)overan = 100 hr))
T YH DIfc o TAfhar & forg

« 2B
A/7
\szc

IAE H B & Ufcrerddr 30% & ky GA1 ke ® W ST DI ((tr2)ee = 100 hr) B |

/\
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Chemical Kinetics

Ans. k1=9|n2; 14 In2
2300 2300
A\
Sol. K 3C
B 2 032
[C] 3Kk, 7 3k,
k
= 1= i = ko = E k1
k, 14 9
Keff = k1 + k2 = ki + ki
= In2 - 23 ki = ki= In2
100 9
ko = £, In 2
2300
F-2. An organic compound dissociates into n parallel first order reactions simultaneously and produces n
different products Pi, P2, Ps, ......., Pn having rate constants k, 2k, 3k, ......, nk and activation energies
E,2E, 3E .ccceeeeeennn, nE respectively. Calculate the overall energy of activation of the compound P.
Th HraHD QS n FER T2H Bife 1 afAfharet gr1 wa: fAufeq &iar @ ik n faff=1 Sarg Py, Py,
P3, woooensy P, 9911 8 S9b1 99 fSadie a9 k, 2k, 3K, ...... , nk & 3R wAfhaor Huil HHEI: E, 2E, 3E
............... ,NE & | AH P & Hel AMBI0T ol B T0MT I ?
Ans. Eoveral = E/3(2n+1)
Ans.  Egq = E/3(2n+1).
P,
1
\
‘lnp nk
\
1
\ J
Sol. X P,
%k‘ISE 2E
Keﬁ—K1+K2+K3+ ............................ Kn
Keff = K+ 2K+ 3K+ .o nK
Ae " = A - +A, S A e - diff. with respect to T. (T & WTU&T 3@HAT W)
[J“EfjAé% (£ |ae* +(iEJA25 e [*”f]An &
RT RT RT RT
+EaxK 4 =KXE+2°KXE...ccovririnnnn. n’KxE
2 2 2
Ea - KE® +2° 4o n<)
KA+2+.... n)
1=n 2
kE .nkE [+ +@) +.....
Eovernt = KE; _ KE +4KE +9kE +16KE + nkE _ [+ (27 + (3 + (n} JE - E/3(2n+1)
_— K K+2k+3K +........ 1+2+3.....
n =
Ans.  Eoveral = E/3(2n+1)
®
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Chemical Kinetics

CHEMICAL KINETICS-II
INRIAD gofora-|

Section (G) : Temperature dependence of rate

Gue (G) : X & a9 TR fAvRar

G-1. From the following data for the reaction between A and B.
[A] [B] Initial rate (mole dm™ min™")
-3 -3
(mole dm™) (mole dm™) 300 k 320 k
. -3
@) 2.5x10™ 3.0x 107 50x10* |2.0x10
(ii) 5.0x 107" 6.0 x 10°° 40x107°
(iii) 1.0x 107 6.0 x 107° 1.6 x 1072
Calculate the following
(i) The order w.r.t. A and w.r.t. B (i) The rate constant at 300 K
(iii) The energy of activation (iv) The pre-exponential factor
[e72218 = 2,.3283 x 1071% | In2 = 0.693]
AR B & 77 afifbar & forw f sffes Ry 7w 2|
[A] [B] URfA¥® &% (mol dm™ min™")
_3 —3
(mole dm™) (mole dm™) 300 K 320 K
. —3
0] 25x10™ 3.0x 107 50x10* [20x10
(i) 5.0 x 107 6.0 x 107° 4.0x 107
(iii) 1.0x 107 6.0x10° 1.6 x 107
1 1 IO B |
() AR Bd dad # ifafhar & dife (i) 300 K W 37 fRgdis
(iii) SfhgoT SHutt (iv) @ =R Gl qond
[e72218 = 2,.3283 x 1071° | In2 = 0.693]
Ans. () 2,1 (i) 2.67 x 108 mol=2 litre? sec™ (iii) 55.13 kJ mol™ (iv) 1.147 x 10 mol-? litre? sec™®
Sol. (i) r=KI[A]* [B]Y
From (2 & 3) equation
5x10* ) _ 4x10° _ (1) (1Y _
= == =|= = x= 2
10x10™ 16x107° 2 2
From1 &2
25x10*) (3x10°) _ 5x10* _ (1Y (1) _ 1 L oye1
5x107* 6x107° 40x107* 2)\2 (2)3 Y
(i) Rate constant at 300 K
4
r=KI[A]* [B]Y =5x10" = Ksoo = >>10

(2.5x107*)* (3x107°)

5x107* 50 x10° .
Kso0 = - - = Ksoo = 2.67 x 108 Mole™2 Lit? sec™
6.25x107°x 3x10 6.25x 3
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Chemical Kinetics

Kl_|1 1 E, _ 2x107°
(iii) log|—=|=|=—— = Ks2o = s
K, T, T,|2.303R 6.25x107° x3x10
+8
= 20010 _ 4567 x 1070
6.25x 3
10.67x10° _ E, 9 320-300 _ E, x20
2.67x10° 2.303x8.314 320 x300 2.303x8.314 x 320x300

Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029

(iv) K=A¢e E, Ea = 55.13 kJ/mole
RT
3
2.67x10% = A e 5532x10° =A e 2218
8.314x300
2.67 x 108 = A x 2.3283 x 10720,
8
= 2600 g 147 x 10
2.3283x10
g () r=KI[A]* [B]"
AHIBROT 2 FAT 39
5x10* ) _ 4x10° _ (1)* (1Y _
— | = === = | s = X= 2
10x10 16x10 2 2
191 29
25x10*) (3x10°) _ 5x10™ 1 (1Y _ 1
= = = - == = = 3 = y= 1
5x10 6x10 40x10 2 2 (2)
(ii) 300 K &R &R Hgaisd
4
r=KI[A] [B]Y =5x 10 =  Kspo= >x10 -
(2.5x107)° (3x107)
—4 8
Koo = 5X_1-0 - = 50 10 Ksoo = 2.67 x 108 Mole™ Lit? sec™
6.25x107° x 3x10 6.25x 3
K E -
(iii) log | =2 | = . |1 1 Kazo = 2X_%0 =
K, 2303R|T, T, 6.25x107° x3x10
+8
= 200107 _ 44 67 x 108
6.25x 3
10.67x10° _ E, « 320-300 _ E,x20
2.67x10° 2.303x8.314 320 x 300 2.303x8.314 x 320x300
(iv) K=A e E. Ea = 55.13 kJ/mole
RT
3
2.67x10% = A e 55.32x107 =A e 2218
8.314 x300
2.67 x 108 =Ax2.3283 x 10719,
8
= 2600 _ g 147 x 10
2.3283x10
G-2.» Find out the percentage of the reactant molecules crossing over the activation energy barrier at 325 K,
given that AHszs = 0.12 kcal, Eap) = + 0.02 kcal.
325K MY IHHRS STU[Rl HI UReaar 1 &1 Sl f dfhaer il k19 (energy barrier) &1 UR &R
S 2 | f&™1 TR 8 AHazs = 0.12 keal, Eap) = + 0.02 kcal.
Ans. 80.65%.
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Chemical Kinetics ﬂ_
Sol.  Given that, AH = 0.12 x 103 cal;
Ear) =0.02 x 10%cal  (Ea Never negative )
AH = Eam — Eap)
Ea = 0.12 x 103 + 0.02 x 103 cal = 0.14 x 103 cal
% of molecule crossing over the barrier = 100 x e =/%" =100 x e ~1402x325 = 100 x 0.8065 = 80.65%
gd. fea 8, AH=0.12 x 103 cal;
Eaw = 0.02 x 10° cal (Ea ¥ 0TS &1 BITT)
AH = Eaf — Eap)
Eap = 0.12 x 103 + 0.02 x 10° cal = 0.14 x 103 cal
JARIY BT UR B aTel AU B FfRIeraar = 100 x e =0/FT =100 x e ~1402%325 = 100 x 0.8065 = 80.65%

G-3.  Consider the following figure for the reaction : A vy
A+B——> M+ N
Answer the following : [ X
(A) Energy level of (A + B) E A+B X
(B) Energy lelvel of (M + N) Y \
(C) Threshold energy level for the reaction Y M+ N
(D) Energy of activation for the forward reaction. z
(E) Energy of activation for the backward reaction. Y >
(|:) AH or heat of reaction. —> Energy of activation diagram
G-3.  afifrm & forg Bt R W RER R 4 7
A+B—> M+ N [ X
71 & SR QU
(A) (A + B) BT o1l W e [AYE !
(B) (M + N) &I il &R Y
(C) sfdfrar & forg qgell S wR ! KMH\I
(D) 31 1fufshar & forw <fshaor ot “Z
(E) e ifafehar & forg <fdaor ol ! R
(F) AH 31 Sfafehan &1 S __ S
Ans. (A)y+z (B) z C)x+y+z
(D) x (BE)x+y F) -y

Section (H) : Catalyst dependence of rate and type of Reaction and Determination of
rate law and order with the help of given mechanism

Qug (H) : T & SoR® W fA¥Rar qen ifvfhar & uasrR den §f ¥ fhafaf & ssmar 9 )
| @en dife &1 AuRo

H-1.=». On introducing a catalyst at 500 K, the rate of a first order increase to 1.718 times. The activation
energy in the presence of a catalyst is 6.059 KJ/mole. The slope of the plot of Ink (sec™) against 1/T in
the absence of catalyst is (R = 8.3 JJK mol, In 1.718 = 0.54).
500 K A1 W 3fWfhaT § IIRS Bl AN W Yo Hifc Iffshan @1 &% 1.718 AT 81 WKl 8 | IORD
F IURAMT # AfBA0T H1l 6.059 KI/ATA & | AT ISRS BHI IuRAT H Ink (sec™?) T /T & wed Gl
T ATH BT I o1d B (R =8.3 /K mol, In 1.718 = 0.54) |

Ans. —1000
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Chemical Kinetics

E, -E,
2.303x8.314x500

Ea—Ep=2.241KJ
Ea = Ep+ 2.241 = 6.059 + 2.241 = 8.3 KJ/mole

Sol.  Antilog (1.718) =

Ink = InA — E,
RT
Slopem: E = M =—1000
R 8.3

H-2.  The thermal decomposition of N2Os occurs in the following steps.

Step -1 N20s —SI9% 5 NO, + NO3
Step -1II N20s + NOs —2*— 3NO2 + O2

2N205s ——— 4NO2 + O2

suggest the rate expression.

N20s &1 a1qg fges ot usi # gof g 2

15 -1 N20s —9_, NO, + NO3
75 -1 N20s + NOs —9_5 3NO; + Oz
gof rfafma 2N205 —— 4NO:2 + O2

9 got siffohan & forg 971 @ioie qarsy |

Ans.  k[N20s]
Sol. N20s ——— NO2+ NOs (slow)
N20s + NOs ——— 2NO2 + Oz (Fast)
2N205s ——— 4NO2 + O2
rate = k [N20s]
&dl. N20s ——— NO2 + NO3 Clen)
N20s + NOs ——— 2NO2 + O (cfis)
2N205 ——— 4NO2 + O2 X = k [N20s]

H-3.  The reaction 2NO (g) + Br2 (g) ——— 2NOBr (g), obeys the following mechanism.

(i) NO (g) + Br2 (g) <22ix NOBr2(g)

(ii) NOBr2 (g) + NO (g) —3%  2NOBr (g)

Suggest the rate expression.

2NO (g) + Br2(g) ——— 2NOBr (g) ifafsran @1 foparfael 71 gdR a1 SIeh 2 |

()  NO(g)+Bra(g) <& NOBr:(g)
(i)  NOBr2(g) + NO (g) —™ _ 2NOBr (g)
IFffpar & forg 97 29e IaEd |

Ans. Rate = k [NOJ? [Br2]

Sol. 2NO +Br —— 2 NOBr

K,
(i) NO + Br k: NOBr; Fast (<iTr)

2

(ii) NOBrz +NO o &E’“ 2NOBr
k NOB
Keg= -L = NOBr,] N [NOBr] =
k,  [NO][Br,]
klk3

r= "= [NOJ [Bry

2

97 = k [NOJ? [Brz]

r = ks [NOBrz] [NO]

k,x[NO][Br,]
k

2

r =k [NOJ [Brs]
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Chemical Kinetics ﬂ_

H-4.

Ans.

Sol.

Given the following steps in the mechanism for a chemical reaction :
A+B— C (fast)
B+C —— D+E (slow)
D+F— A+E (fast)
At any time [C] is directly proportional to [A].
(a) What is the stoichiometric equation for the reaction ?
(b) Which species, if any, are catalysts in this reaction ?
(c) Which species, if any, are intermediates in this reaction?
(d) Write the rate law for the rate-determining step.
(e) Write the rate law for this reaction.
(f) What is overall order of the reaction ?
U G A oY franfafd @1 e ust | far ma B
A+B —— C GIE)!
B+C —— D+E (&™)
D+F —— A+E (@)
e ff w99 R [C), [A] & WY FEEURH B |
(a) & g rfufthar & forw vaHiaxvfafay @ FdERor @ 8rft ?
(b) 39 arfafshar # IfT P USnfa (species) SIR® & A T§ B & 7
(c) I P TS (species) s AfAfohar § Aezadt 8 @ qarsy |
(d) 971 faRR® ug & fow v faw fafaw |
(e) s aifAfra & forg <R faw falag |
(f) IfAfhar @ o dife @1 7 ?
() 2 B+F — 2E; (b) A; (c) C,D; (d) rate = k [B][C]; (e) rate = kK'[A][B] (f) 2.
(a) 2 B+F — 2E; (b) A; (c) C,D; (d) 37 = k [B][C]; (e) 371 = K[A][B] (f) 2.

A+B —— C Fast Q)
B+C —— D+E Slow (2)
D+F ——> A+E Fast 3)

on adding All Three equation we get
@2B+F— 2E

(b) cat is A

(c)C&D

(d) Rate = K[B] [C]

(e) [Cla[A] [C]=Ki[A]

So Rate = (K Kz) [B] [A] = K* [A] [B]
(f) over all order of reaction is = 2

A+B —— C GIES (1)
B+C —— D+E e (2
D+F —— A+E GIES (3)

WA FHHOT BT e TR EH YT BT ©

@2B+F —— 2E

(b) A SSR® B

(c)CTanD

(d) =X = K[B][C]

(e) [Cla[A] [C]=Kd[A]
a7 &% = (KKa) [B] [A] = K* [A] [B]

(f) rfafshar & dIfe =2 7|

/\
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Chemical Kinetics ﬂ_

Section (I) : Radio Activity

gus (1) : Ysarafhaan

I-1.=  The activity of a radio-isotope falls to 12.5% in 90 days. Compute the half life and decay constant of the
radio-isotope.
T fAafpg amRenfyes @ |fpaar 90 A § 12.5% Te Wrlt 2?7 YRR wwRefd Y srg—ang
a1 &g e & TOET BT |

Ans. (30 days, 0.0231 per day)

I (30 f&= , 0.0231 ufafes)

Sol. K= ! In 100
t 100 -x

0.693

tie = ——
K

I-2.=  Radioactive decay is a first order process. Radioactive carbon in wood sample decays with a half life of
5770 years. What is the rate constant (in years 1) for the decay? What fraction would remain after
11540 years.
AMfeAafpg fdued va vom dIfe @1 Affhar 2| dasl & T 4 SAHI Hed 5770 a9 31 g—y
J faufed g 2| fAued & ford 971 Reriw (@¥ 1) w71 8 ? 11540 a8f & 91 fha=n w17 A9 g7 |

Ans. (12.01 x 107° years 71, 1/4)

ST (12.01 x 10° a1, 1/4)

sol. k=209
l:1/2
Cn= &
2n
I-3. 1 gram of 70Au'® (t> = 65 hrs) decays by beta emission and produces stable mercury. How much

mercury will be present after 260 hours.
TH UM 70AU® (T12 = 65 ) BT dic—Scdoig gRT &F 89 W IR URT Wi 8ial 81 260 €9 91
foa=T uRT 9T B |
Ans. 0.9375 gram.
IR 0.9375 UM |
Sol.  7AU'®® — 5 gHg ~1e°
tz=65hr, T=260 hr, T =tz X n

Number of half live (n) = % =4

198

N 1 1
Amount left undecayed (N) = —2 = — = —
yed (V) 24 24 16 g

Amount decayed of Au = % =0.9375 gram.

Bl 720AUT® 8ng198 + 460
tiz=65hr, T=260 hr, T=ty2 X n

a@‘amga%@@un):%:df

aﬁu\rﬁﬁs‘mw(N):N—__: 9

Au &1 faafsra s = % =0.9375 gram.
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Chemical Kinetics

I-4.

Ans.
Sol.

/\g

A sample of U8 (half life = 4.5 x 10° year) ore is found to contain 23.8 g of U%® and 20.6 g of Pb?%,

Calculate the age of the ore.

U238 3% T AT (tuz 4.5 x 107 99) # 23.8 g U8 qorm 20.6 g Pb™® TuRerd 2| 3RI%s @ 3Mg

UM AR |
t=4.5x 10° year.
92U?® — 5 5Pb?% + 8,He* + 6.1€°
Pb present = % = 0.1 g atom = U decayed.

U present = 238 _ 0.1 g atom
238
Thus, N =0.1gatom
No= U present + U decayed
=0.1+0.1=0.2gatom
_ 2.303 0.2
0.1
t=4.5x 10° year.
02U%8 5 gPb%6 + 8,He* + 6.1€°

SuRerd Pb = % = 0.1 IF—RAY] = AT U

Now t

log1o

23.8
IuRerd U= === = 0.1 JH—RA]
238
I, N = 0.1 UH—IRA]
No = SufRerd U + U faaifsra
=0.1+ 0.1 = 0.2 JH—IRH]
2.303 0.2
= —— logiw —
0.1
t=45x10°qY|

39 t

PART -1l : ONLY ONE OPTION CORRECT TYPE

W - || ; DA U G&l fAdhed YHR (ONLY ONE OPTION CORRECT TYPE)

CHEMICAL KINETICS-I

RIS Fefra)-|

Section (A) : Rate of chemical reaction and Dependence of Rate : Basic

Gus (A) : S JfAfRAT B X den X @) fiva : gea

Product =
(M)

>
=

H
P | S

—t—— >
1520
510 t(sec) —>

Rate of formation of product at t = 20 seconds is
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Chemical Kinetics ﬂ_

Sol.

A-3.

Sol.

A-4.

SRS
qr=dT (M)
oo

o

t =20 YPpvs W IdIE b 997 Pl g% B8M ?

[é)]

H
I T T | S

5 101520

tH(APTS)—>
(A*) 0.5 MS B)1MS? (©)15mst (D) 2mMST
dP1_ 155 _ g 5pse
dt 20-0
In the following reaction : XA —— yB
[ dA]] [ d[B] |
log|——— | =log | —| +0.3
¢ | dt | ¢ | dt |
where —ve sign indicates rate of disappearance of the reactant. Thus, x : yis :
=1 arfafspar & foro - XA ——> yB
[ d[A]] [ d[B] |
log|——— | =log |—| +0.3
< | dt | < | dt |
JEf W ROTHS 5 AMBRS 3 i@ B @1 & B YSRiG a1 8, 3 Xy ? :
A)1:2 B 2:1 (©3:1 (D) 3:10
XA —> YB
-1d 1d —-d x d
— — [A]==— [B — [Al=——[B
x gt AEy = at A=Y g B
—d[A] X\ [ +d[B] —d d X
log| —— | =log | — log — [A] =log — [B] +log | —
g[dt} g[yj(dt = 9 5 [Al =log — [B] 913
Iog(§j=0.3 = 5=3 = x:y 2:1
y y 1

Rate of formation of SOz in the following reaction 2SOz + O2 — 2S0s3 is 100 g min~!. Hence rate of
disappearance of Oz is :

1 arfafesar § 2S02 + 02 — 2S0s, SOz & I @1 &% 100 UM fiFels o/ 0 & fIgw 8 @1 &
1 BN
(A) 50 g min? (B) 40 g min™t (C) 200 g min™ (D*) 20 g min™!

d_dt [SOs] =100 gram / min = % mole / min = 1.25 mole/min.

~1d —d 1 d
19 1500= 292 104== % [s0
> gt S04= g [04=7 57 5O

—d [02] = % mole/min = £:22

it x 32 gram/min = 20 gram/min

aA + bB —— Product, dx/dt = k [A]? [B]° . If concentration of A is doubled, rate is four times. If
concentration of B is made four times, rate is doubled. What is relation between rate of disappearance
of A and that of B ?

(A) —{d[A]/dt} =—{d [B]/dt} (B*) —{d [A]/dt} =—{4 d[B]/dt}
(C)—{4d[A]/dt}=—{d[B) dt} (D) None of these

aA + bB —— ITE, AT # dx/dt = k [A]2 [B]° 2 | IfE A &1 d=a1 &1 I &R & WY AT Afafshar
P &R IR A1 B G 2 3R X B B ATl B IR [ PR & AIQ AT AAHAT BT &R YN 81 SRl ©
A A9 B RgW 8F @1 &R & 7eg 1G98 81T 2

(A)—{d[A]/dt} =—{d [B]/dt} (B*) —{d[A]/dt}=-{4 d[B]/dt}

(C) — {4 d [A] / dt} = — {d [B]/ dit} (D) SR § H BT 7T&T |

/\
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Chemical Kinetics ﬂ_

Sol. aA + bB —— Product

d_X = a b
™ K[A]* [B]

(i) As on doubling concentration of A rate become four time so a = 2.

(ii) On four time concentration of B rate become double so b = % .

So, Given equation : 2a+ %b —— Product

2 dt dt
_dAl __, dB]
dt dt
gel. aA + bB —— 3JdIQ
dx

E=k[A]a[B]b
(i) A @ Fi=dl I BRA W &R IR A1 81 TR, safe a = 2,
(ii) B @ A&l IR A B W &R G 81 SR, ?m%mb:%.
sfery, & S FHIGRO ¢ 2a+%b—>€?€ﬂ‘q’
_1dAl __,dBE]
2 dt dt
_dA] __ ,dB]
dt dt

A-5.  For the reaction, 2NO(g) + 2H2(g) —— N2(g) + 2H20(g) the rate expression can be written in the
following ways :
{d [N2] / dt} = ka [NO][Hz] ; {d[H20] / dt} = k[NO][H2] ; {— d[NO]/ dt} = k’1 [NO] [Hz] ; {-d[Hz] / dt} = k"1
[NOJ[H2]
The relationship between k, k1, k'1 and k'’1. is :

aifafsar 2 NO(g) + 2H2 (g) —— Na(g) + 2H20(g) & fore ifafshar & &R & &1 71 ydR J foran

ST Fhdl 8:

{d [N2] / dt} = ki1 [NO][H2] ; {d[H20] / dt} = k[NO][H2] ; {— d[NO] / dt} = k’1 [NO] [H2] ; {—d[H2] / dt} = k"1
[NOJ[H2]
ard: k, ki, K1 MR K1 & F20 GaY ®

(A k=ki=k1=Kk" B*)k=2ki=k'1=k"1 (C)k=2k'1=ki=k'1 (D)k=ki=k1=2k"

Sol. 2NO (g) + 2H2 (g) ——> N2 (g) + 2H20 (9)
) % = 2K4NOJ [H] = K [NO] [H]
So (g4fery) k = 2ka
@ - @ = 2ka[NOJ[Hs] = Ki' [NO] [H2]
ki' = 2ki
(3) - d[;2] = 2ki[NO][H2] = K1" [NO] [H2]
Ki" = 2Kq
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Chemical Kinetics

A-6.

Sol.

A-7.m

Sol.

A-8.

Sol.

/\g

For a reaction pA + gB — products, the rate law expression is r = k[A]* [B]™, then :

(A) (p+1) < (1+ m)

(B)(p+a)>(1+m)

(C* (p + q) may or may not be equalto (1+m) (D) (p+qg)=(1+m)
& AR pA + gB — SATG, & forg Aifafhar & <= a9 &1 r = K[A]! [B]" &wia gRT usRia fdhar smar

g an
(A) (p+1) < (1+ m)

(CH (p+q), (1+ m) B SRER & THT & AT T8I W & FbaT § |

(B)(p+a)>(1+m)

Order have no relation with stoichiometric coefficient.

FIfE BT ITATNRRUIARY [oTih & A1 BIS T T &ar 2|

O)(p+a)=(1+m)

For the irreversible process, A + B —— products, the rate is first—order w.r.t. A and second-order
w.r.t. B. If 1.0 mol each of A and B introduced into a 1.0 L vessel, and the initial rate was 1.0 x 102 mol
Lt s, rate when half reactants have been turned into products is :

e A Ufhar A+ B —— SARI, & o aifafsean @1 aife A & ave uem aife o afafdban 2
AR B & e fgda @ife &1 8 afd AIRB % & 1.0 91, 1.0 <flex @1 Afeidr § ST O & 3R
URRATH ¥ 1.0 x 102 mol L2 s off | 59 and 3ifipre Scre 8§ ufkafda 8 i & 1 9 @ 8nm

(A¥) 1.25x 103 mol Lt st
(C)2.50 x 10 mol L st

A + B —— product (SdIg)
r=KI[AJ* [B]?

rn= K[1]* [1]? = 1 x 1072

1111 1

(B) 1.0 x 102 mol L st
(D) 2.0x 102 mol Lt s

(K=1x107?)

2
rlzK{—} =Z| =1x102x = =1.25%x 1073
2]12 8

If rate constant is numerically the same for the three reactions of first, second and third order
respectively. Assume all the reactions of the kind A — products. Which of the following is correct :

(A)if[A]=1thenri=r2=r3
(C)if[A]>1thenrs>r2>n

B)if[A]<lthenri>r2>r3
(D) All

gor, fgdia &R g dife @ A1 aifdfha A —» SR & o wmwer: 97 ffgdie &1 TR 949 |99 =

A # @ e 98 ®
(A)IR[A]=17T rn=r2=rs
O IR [AI>1TA >r>n

Rate law for : Ist order
Rate = K[A]*
thanwe cansay [A]=1 ri=r2=r3
I ®I & : g BIfe
R = K[A]*
TAFE ART 8 [A]=1 ri=r2=rs

B)IR[A]<1AN ri>r2>r3

(D*) SWRIaT A4

lind order

R2 = K[AJ?
[A]<1lthen ri>r2>rs3
[A]>1then r3>r2>n

fegeia sife

R2 = K[AJ?
[A]<1dd r>rz2>rs
[A]>179 rs>r2>rn

Section (B) : Integrated rate law : Zero and First Order Reaction

QU (B) : W9werd SX M : ¥ qe W @ife fdifsha

B-1.

Illrd order
Rz = K[A]®

SRR
Rs = K[A]®

The rate constant of the reaction A — 2B is 1.0 x 102 mol lit™* min~2, if the initial concentration of A is
1.0 mole lit™* what would be the concentration of B after 100 minutes.

(A) 0.1 mol lit™*

(B*) 0.2 mol lit™*

(C) 0.9 mol lit™?

(D) 1.8 mol lit™*

JfAfpaT A — 2B &1 97 fAgaid 1.0 x 103 mol litt min 8 | I A & yRRI% A=dr 1.0 mole lit1 8, d9

100 fe & gearq B &1 A=l 91 8RN ?
(B*) 0.2 mol lit?

(A) 0.1 mol lit™*

(C) 0.9 mol lit™?

(D) 1.8 mol lit™*
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Chemical Kinetics ﬂ_

Sol.

Reaction is zero order J1ffar =1 @Ife @t 2 | (unit of k)

[B] = 2 x moles of A reacted
[B] =2 x kt=0.2 mol lit™2.

B-2.= A drop of solution (volume 0.05 mL) contains 3.0 x 10° moles of H*. If the rate constant of

Sol.

B-3.

Sol.

disappearance of H" is 1.0 x 107 mole litre™! sec™’. How long would it take for H* in drop to disappear :
faeas @ U 8 (@mIaT 0.05 mL) 3 3.0 x 10°° A1 H* 3 2 | Al H* oF & fagw 8F & forg aw
i 1.0 x 10" mole litre sec™ 8 @1 H* @1 5 & fow fagw 89 § & 99 81

(A) 6 x 108 sec (B) 6 x 107" sec (C*) 6 x 107° sec (D) 6 x 107° sec
Total time for drop to disappears (a0 —ar) = kt ar=0

3.0x10°®

= toow tioo = 6 x 10°°
(0.05x10%)x1.0x107 0% = Ho Sec
fogw 8 4 forn w1 999 (a0 — a;) = kt a=0
-6
SO = twow = ti00% = 6 x 1070 sec (AHTS)

(0.05x107°)x1.0x10’

X i I
Graph between concentration of the product and time of the reaction A — B is of the type - .
ime
Hence graph between — d[A]/dt and time will be of the type :

(—d[Al/dt) L (—d[A]/dt) (—d[Aydt)| ____ (—d[A]/dt)
) ®) o (D) L

Time Time Time Time

R A — B § STl @) ArsdRil 8k 9Hg @ "e ue e ger X I ¥ @ 2

BED
3ra: — d[A)/dt IR IHI & A WH fHd UHR BT BN :

(—d[A]/dt) ~ (—d[A)/dt) (—d[A)/dt)| (—d[Al/dt)
A) (B) o (D) L

9y 7 D] LD

From given graph x = Kt

i.e.itis a zero order reaction.

. _d[A] _
Codt

K

diAl
T odt
Time
& ™ W | x = Kt
AT I8 T I PIfC AMHAT 2 |
: _M:K
T dt

d[A]
Tt

/\
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Chemical Kinetics

B-4.

Sol.

B-5.

Sol.

B-6.=

/\g

What will be the order of reaction and rate constant for a chemical change having log tso% Vs log

concentration of (A) curves as :

(D) 3, 1

IOQ t5o%
45°
log a
INRIf 9T H log tsow 3R log ATFEAT & Fe UTH (A) UTd BIaT & o rAfhar dife iR arfafsear g
fadie 8rm
IOQ t5o%
_A45°
log a
(A% 0, 1/2 (B)1,1 (C) 2,2
By graph we can say log t12 = log a tire=a L Q)
tuz oc a then zero order Rxn k % tuz = % ..... (2)
then k = 4
2
UM% & ERT &H B8 Ahd & logtiz=loga twz=a ....(1)
tizoc @ 3T I BIfC B Affhan B kxt1/2:% ..... @)
3d: k= 1
2
d[A]

For a reaction 2A + B — product, rate law is ———

reactant is : (Co = initial concentration)
dA] _

= k[A]. At a time when t = % concentration of the

2A+B—>€W,aﬁﬁ7a1$méwﬁﬂq—F-k[A]§|@7WW\TeIt=%%,a‘IWEﬁ

AT=AT 8« (Co = URME ATvsl)
(A S (B) Coe ©
e e

2A + B —— product ST
_dA]
dt
_dA] _
dt
Ci=Coe™
—Kxi
Ci=Coe K
Ci=Coe™
CO
e

= K [A]

K[a-X]

Ci=

1
(D) C_o

Two substances A (tiz = 5 min) and B (tv2 = 15 min) are taken in such a way that initially [A] = 4[B].
The time after which both the concentration will be equal is : (Assume that reaction is first order)

(A) 5min (B*) 15 min (C) 20 min (D) concentration can never be equal
T ugtedl A (twz = 5 i) )R B (twz = 15 fAmie) &1 9= # [A] = 4[B] # foran <iar & 98 999 9dsy
Rra® gearq a9 & Ard GAM 8 SRl § ;@ (I8 A1y 6 sifwfiean vemt dife 31 7)

(A) 5 fiFe (B*) 15 fAmie (C)20fe (D) Ar<dly & AN F1 81 Il B

/\
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Chemical Kinetics ﬂ_
Sol. Ci=Coe™
According to question  (FATIVR)

Ca,t=Cp, t
Ca et = Cpg gt
B B
4= e%_%]xt
In4 = |n_2_|n_2 t
5 15
In(2)% = In_2_|n_2
5 15
2In2 In2 In2
15
2= E_i
5 15
2= 2 xi
15
t = 15 minute.

B-7. A reaction follows the given concentration (M)—-time graph. The rate for this reaction at 20 seconds will
be :

0.5
0.4
0.3["
0.2
0.1

0 20 40 60 80 100
Time/second

v Afifar & fore & € igar (M) 7 999 @ 79 A% N PR 9 U BT 8, 20 9dvs wR IfAfean
P SR R B ?

0.5
0.4
03"
0.2
0.1

0 20 40 60 80 100

Time/second

(A)4x103Mst (B)8x102Mst (C)2x102Ms™t (D*) 7 x 103 M st
0.5
0.4

0.357\
03] °

Sol. 0.2 ] slope of graph at 20 sec = dy - 035 7 %1073

0.1 \@_ dx 50

0 20405060 80 100
Time/second
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Chemical Kinetics

0.5

0.4

0.359\

03"

027 ZOWWWWW—g—y:
0.1 \’\(}_ X

0 20405060 80 100
YA HTS

B-8.%w. In a first order reaction the reacting substance has half-life period of ten minutes. What fraction of the

Sol.

B-9.

Sol.

Sol.

substance will be left after an hour the reaction has occurred ?
(A) 1/6 of initial concentration
(C) 1/12 of initial concentration

(B*) 1/64 of initial concentration
(D) 1/32 of initial concentration

T g Bife @1 IfAfhar § AfMeRS ueref b1 o APl & A & gab "ve dd ofAfhar wfed 8

B 91 IABRD BT fhd=T 9FT AT X§ el & ?:
(A) YRS A=l BT 1/6 AT
(C) URf™® Ar=al &I 1/12 91

tz =10 No. of Half life = % = 6 half life

tz =10 5

10 2"

3@‘31@?:%?#@1:—0:6@3@ Ci= —

(B*) URM™® A=l BT 1/64 AT
(D) URf™® A=Al & 1/32 91

_C_o_(c_oj
T (° |64

A certain zero order reaction has k = 0.025 M s for the disappearance of A. What will be the
concentration of A after 15 seconds if the initial concentration is 0.50 M ?

i T P o1 aIffhar A$ g 81 & fau k= 0.025 M s 8 Il gRM™® A= 0.50 M 8 a1

15 HHvs YA A DI Al a1 Bl |

(A) 0.50 M (B) 0.375 M (C*) 0.125 M
Suppose At
We know (Ao—Ay) =kt for zeroth order

(0.50 — Ar) = 0.025 x t

0.50 — At = 0.025 x 15

At=0.125M

A1 B A
FLEBSIE R (Ao—A)=kt T FIfc & forg

(0.50 — Aj) = 0.025 x t
0.50 — A= 0.025 x 15
Ac=0.125 M

(D) 0.060 M

Section (C) : Integrated Rate law : Second Order & Pseudo first order reaction

@ug (C) : gAdford &% aw : fgig +ife den o9 wem ife aififdsar

A reaction, which is second order, has a rate constant of 0.002 L mol? s™. If the initial conc. of the
reactant is 0.2 M. how long will it take for the concentration to become 0.0400 M ?

& AfAfear, S fe fada @fe & €, & fog ) MIai® 0.002 L molt st | afk ifeRe @1 gRf™E6
Ar=dl 0.2 M 81, a1 9r=al &I 0.0400 M &= & forg fha=n a9a oR"em 2

C-1.

Sol.

(A) 1000 sec (B) 400 sec (C) 200 sec
1 1
— = — +Kt
CI CO
1 +0.002 x t.
0.04 0.2
= 25=5+0.002 x t = t:A3
2x10°

(D*) 10, 000 sec

= 10,000 sec.
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Chemical Kinetics ﬂ_

C-2.». Which is not true for a second order reaction ?
(A) It can have rate constant 1 x 102 L mol~ s
(B) Its half-life is inversely proportional to its initial concentration
(C*) Time to complete 75% reaction is twice of half-life

1
(D) Teo = 4 nitial conc,
o fgda dIfe & afiforan & fog oiemn I 78 8 2
(A) $H9FT X fadid 1 x 102 L mol? st &1 A& & |
(B) 3D AGTY 3HH! URMEG Al & JSHAURH Bl B |
(C*) 75% 3iffshar &1 qui e & foI 9T TRy &1 AT &Il B |

1
D) Tso =
(D) Teo Kk x IRM®  resell
Sol. It is properties of Ist order Rxn and other all are properties of lind order.

Sol.  ¥E WM dIfc 1 Affkar &1 qur 2 den o |l U1 fgfa eife @ aifafsean & forg & |

C-3.  For the reaction 2NO2 —— N20:2 + Og, rate expression is as follows :
_dINO,]
dt

= k [NOz]" , where k = 3 x 102 mol L sec™. If the rate of formation of oxygen is 1.5 x 10~

mol L™ sec™?, then the molar concentration of NO2 in mole L™ is

AfAfpar 2NO2 —— N202 + 02 fofy, &= (@) 2w 74 ® :

- %: k [NO2]", 5i&f k=3 x 103 mol L sec' 2 | If ifefior & i1 @ &% 1.5 x 10 mol L
sect &, o mol L2 § NO, & AleR Ar=dr 4+ & :
(A) 1.5 x 10 (B) 0.0151 (C) 0.214 (D*) 0.316
Sol. From the unit of k, it is evident that it is a second order reaction.
k @1 3Tz 9 I8 fadia dife aiffifpan 2 |
_ 1 dING,] = dio,] _ dING,] =2x dio,] =2x15x%x10*=3x 10"
2 dt dt dt dt
3 x 104 =k [NO2J?> = 3 x 10~% [NO2)? [NO2] = 0.316.
C-4.» At the point of intersection of the two curves shown, the conc. of B is given by....... for, A>nB:
N
A,
Conc.
time
A > nB & oIy, e T NG H Ufiwesd fdwg W B &1 Arsal 9 UaR &1 S 9! ©
N
A,
SIS
9y
nA A nA n-—1

A 0 B 0 c* —2% D)|— |A
A = ® ©) 1 ()(n+1j°

Sol. From figure 3 g | [Aliett = [Blormed = N % [A]decayed
[AdJe?=nx Ao [1—e™]
eit= N
n+1

[B]formed =nxAoX |:1 —L:l = nAO

n+1

n+1
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Chemical Kinetics

/\g

C-5.  Agraph between log t,,, and log a (abscissa) a being the initial concentration of A in the reaction
For reaction A — Product, the rate law is
log t..[N ™ Slope = — 1
log a
log t,,, T log a (&) & wea 1 sy for faam T 2, <8l a, A &1 URM™S A=l © |
fAfrar A - ST, & forg av/eR fFam 2 -
log t:. N erer=- 1
log a
—d[A] —d[A] —d[A] 2 —d[A] 3
A =k B) —— =kJ[A CcY —— =k][A —— =k|[A
()O|t ()Glt [A] ()dt [Al pm [A]
Sol.  tyz=ka®~ "™ n being order k = Rate constant
log tre=log k + (1 —n) log a
l1-n=-1
n=2
Sol.  twz=kat~ " n3fAfsar f& dife, k =971 faais
log tre=log k + (1 —n) log a
l1-n=-1
n=2

Section (D) : Experimental Method to calculate order and rate law of reaction and
Methods to Monitor the progress of Reaction

@ug (D) : WNTES A & gR1 $ife 7o fvfhar & s 94 &1 oFm @2 ifdfban & wofay

P I B B fafd
D-1. The data for the reaction A+B — Cis
Exp. [Alo [Blo initial rate
1 0.012 0.035 0.10
2 0.024 0.035 0.80
3 0.012 0.070 0.10
4 0.024 0.070 0.80

The rate law is

A + B — C 31fafthar & forg f1 smas fRw 1w 2

T [Alo [Blo URMAE TR
1 0.012 0.035 0.10
2 0.024 0.035 0.80
3 0.012 0.070 0.10
4 0.024 0.070 0.80
97 B
(A)r=kI[BJ? (BY) r=k[A]® (C)r=k[A][B]*
Sol. Let r = (A)* (B)Y
r 1
i) it el
X = I'Z = Iogo'l = ° 8
a)  0q0912) ( 1)
'Og(azj g(0.024 o2
Xx=3

(D) r = K[AJ* [B]*.
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Chemical Kinetics

Sol.

r 0.1

log| -+ logl 22
y= g[rgj _ Og(o.lj _ log(®)
lo bl |Og(0035J |og }
b, 0.070 2

y=0

The kinetic data for the given reaction A(g) + 2B(g) —— C(qg) is provided in the following table for

three experiments at 300 K.

Ex. No. [A/M] [B/M] [Initial rate (M sec™)]
1 0.01 0.01 6.930 x 10
2 0.02 0.01 1.386 x10~°
3 0.02 0.02 1.386 x10°°

In another experiment starting with intitial concentration of 0.5 and 1 M respectively for A and B at 300

K. Find the rate of reaction after 50 minutes from start of experiment (in m/sec)?

e A(g) + 2B(g) —— C(g) @ forg semfaat & offes 791 WRON egER 300 K R 9 9 &

fore for ™ B
WINT §=1 | [A/M] [B/M] [FRf™®H R (M sec™)]
1 0.01 0.01 6.930 x 10°¢
2 0.02 0.01 1.386 x10°°
3 0.02 0.02 1.386 x10°°

T TART § 300 K TR A @1 B &1 URA™S ATsal A9k 0.5 21 1 M 9§ UR™ &_1 W= 50 fiFe & uearq

AfAfpar & <R (m/sec ) ST HIVTT ?
(A) 6.93 x 10

(B) 0.25 x 107

r = K[0.01]2 [0.01]° = 6.93 x 10
r» = K[0.02]2 [0.01]° = 1.386 x 105
rs = K[0.02]2 [0.02]° = 1.386 x 105

From data
a=1 b=0
Overall order =1 ; K=6.93 x 10* sec™
A
6.93 x 10 = 1 In—=
50x60 A,
0.693 = Inﬁ
Al
At = 0.0625

(C*) 4.33 x 10°

rate of reaction = 6.93 x 10*x 0.0625 = 4.33 x 10> Ms™.
r. = K[0.01]? [0.01]° = 6.93 x 10

r, = K[0.02]2 [0.01]° = 1.386 x 105
rs = K[0.02]? [0.02]° = 1.386 x 105

bl A

a=1,

ol PIfc = 1; K =6.93 x 10 sec™?
A

6.93x 104 =In—=
A

0.693 =

b=0

t

A
In—2
AI

A: = 0.0625
JfAfhaT &1 dife = 6.93 x 104 x 0.0625 = 4.33 x 10°° Ms™2.

(D) 3.46 x 10~°
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Chemical Kinetics

/\g

D-3.w In three different reactions, involving a single reactant in each case, a plot of rate of the reaction on the
y—axis, versus concentration of the reactant on the x—axis, yields three different curves shown below.

TP ANBRS G HR i A3 AMGHAR Bl §1 W% H fAfhar @ &R @1 y-a1 R qel
AfYPRD P AT A=A Bl x-30&T TR foram ar g a1 a9 A TR STe—37el I Ut B

Sol.

D-4.

8?7

dc dcC

M O

Cc cC—
What are the possible orders of the reactions (i), (i), (iii).
(i), (i), (iii) ® forg B afAfpar dife dwa B |
(A) 1,23 (B% 2,1, 1/2 (©)0,1,2
This is parabolic graph

«c
of y=x2 ot
Cc
So This the graph of second order
dC
} — .
y2 =X b= (x)2 ot
(03
ﬁ =k [C]% So reaction is (lj order.
dt 2
T8 RIAT AN &
e
y=x2 & forg ot
C
3 I8 BN g dife & fog e g |
_dc
1 dt
2=x =(x) =
y y=(X) >
Cc
—-dC _ 1 ] 1
5 =k [C]? ara: sifafshar > BIfE BT B |

dcC

Giy &

(D)0, 1, %

At 373 K, a gaseous reaction A — 2B + C is found to be of first order. Starting with pure A, the total
pressure at the end of 10 min was 176 mm of Hg and after a long time when A was completely
dissociated, it was 270 mm of Hg. The pressure of A at the end of 10 minutes was :

/\
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Chemical Kinetics ﬂ_

373 KU R U& IR AMfHIT A — 2B + C UM 3Ifc 31 arfl 1Y | 59 Affhan g A 9 IR™ @7 1=
off I g &9 10 e & a1 176 mm Hg IR -7 o 3R T o §HY gear ofd A IUied 9§ faamfora
8 a1 & @ <19 270 mm Hg & 7 27| 10 fi9e & 95 A &1 <9 a1 gRf |

(A) 94 mm of Hg (B*) 47 mm of Hg (C) 43 mm of Hg (D) 90 mm of Hg
Sol. A—— 2B +C
t=0 Po 0 0 Po
t=t (Po—-x) 2x X Po +2x =176
0 2P0 Po 3P0 = 270 Po =90
2x =176 -90 =86
X =43

Pressure of A after 10 minute (10 fi-ic geard A &1 <§) = 90 — 43 = 47

D-5.  The reaction A(s) — 2 B(g) + C(g) is first order. The pressure after 20 min and after very long time are
150 mm Hg and 225 mm Hg. The value of rate constant and pressure after 40 min are :

A(s) - 2 B(g) + C(g) smiferar mem &ife @ sififar 81 20 fiFe 91€ IR &l o IWg Uvarq <19
%A 150 mm Hg iR 225 mm Hg ® 31a: 40 fise & a1q aifdfssar &1 991 faaiss oiR <19 &1 819 ?

(A) 0.05 In 1.5 min~*,200 mm (B) 0.5 In 2 min~t,300 mm
(C) 0.05 In 3 min~t, 300 mm (D*) 0.05 In 3 min~t, 200 mm
Sol. A(s) —— 2B(g) + C(9)
K=1I P. =Ry Po=0 P:= 150 P = 225
t (P -P
= L In 225) _ 0.05In 3
225 150 20 75
225 225 N 225 225
225xP,, 75 ) T 225xP,

= P40 = 200

75x75 225 -P,

D-6.  Which integrated equation is correct for the following ISt order reaction started with only A(g) in a closed

rigid vessel.
A9 —> B(9)+C(9) +D(9)
Pi = initial pressure ; Pt = total pressure at time t

=1 wom @ife @ afdfhar & oy Sl Fdferd WiiaRe 981 B, IfQ TR H dad A(Q) & 9% 3%
913 (closed rigid vessel) & oft STl ® |
A(@ — B(9)+C(g9)+D(9)

= RSP T9 ; Pi=99g t R §ol TE
(A)K_2303|g R (B)K—2303|g P,
P 3
2.303 2P 2.303 3P
CHK= lo ' D)K= logio| ———
@ K= 2 o] | O k- 22 o] 7|
Sol. A(@ —— B + Cl@ + D(g)
Initially Pi 0 0 0
At time t (P| - Px) Px Px Px

total pressure at timet = (Pi+ 2Px) = Pt

So Px:[—Pt_Pij
2
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Chemical Kinetics ﬂ_

2.303 P 2.303 2P
K= log ' = log ! .
t P-P, t 3P -P,

Sol. _ Al@ — B(@ -+ Cl@ + D(g)
UR™ | Pi 0 0 0
W t W (PI —_ Px) Px Px Px
ATt R |A 16 = (Pi+ 2Px) = Pt

So Px:[—Pt_P‘j
2

_ 2.303 P )_ 2.303 2P
K=—— log = log .
t - t 3P -P,

D-7.  The decompostion NHs gas on a heated tungsten surface gave the following results :

Initial pressure (mm of Hg) 65 105 y 185

Half-life (sec) 290 X 670 820

Calculate approximately the values of x and y.

(A) x =410 sec, y = 115 mm of Hg (B*) x = 467 sec, y = 150 mm of Hg

(C) x =490 sec, y = 120 mm of Hg (D) x =430 sec, y = 105 mm of Hg

ST SRed ddg8 W NH: ™ & fges | =1 aRom <o £

YRf™® @ (mm Hg) 65 105 y 185

IFE—Y (HPUs) 290 x 670 820

X AT y BT I A RSBl BT |

(A) x = 410 JHUE, y = 115 mm Hg (B*) x = 467 ¥®%Us, y = 150 mm Hg

(C) x = 490 %S, y = 120 mm Hg (D) x = 430 ¥®%Us, y = 105 mm Hg
Sol. Initial pressure 65 105 y 185

Half life 290 X 670 820

Initial pressure of gas « Initial moles of gas in above question.
Half life oc Initial pressure
So, it must be zero order reaction

tiz= — = P—O 290 = & = k = 65 = 0.112 mm of Hg/sec
2k 2k 2k 2 x290
:M = 468 sec 670:M y =150 mm of Hg
2 x65 2x65
T : URM™®S @ 65 105 y 185
31E 3y 290 670 820

ﬁﬂwwﬁﬂ—cﬁmmeqﬁaﬁwﬁﬁﬂzﬁwﬁaﬁﬂﬁa
a@mmmm
iy STfAfhar I dIfe 8

tiz= — = Po 290 = 8 = k = 65 = 0.112 mm of Hg/sec
2k 2k 2k 2 x290
:M = 468 sec 670:M = y:]_50mmof Hg
2 x65 2x65

D-8.= In the reaction NH4NO:2 (ag.) — N2 (g) + 2 H20 (I) the volume of Nz after 20 min and after a long time is
40 ml and 70 ml respectively. The value of rate constant is :
BT NHaNO2 (ag.) — N2 (g) + 2 H20 (I) § N2 &1 3MIas 20 min 918 3R 1B o= A 918 A
A 40 ml 3R 70 ml 8 1 fAfshan & 971 fgdies &1 A9 @1 8 ?
(A) (1/20) log (7/4) min™t (B*) (2.303 /1200) log (7/3) sec™
(C) (1/20) log (7/3) min™t (D) (2.303/ 20) log (11/7) min™*
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Chemical Kinetics ﬂ_
Sol. NHiNO2 (aqg) ——— N2 (g) + 2H20 (¥)

. VvV -V ) -
= 2393 log | —=—-2 = Vo=0 = K 2303 = log 70-0
t Vv, -V, 20x 60 70-40
_2.303 70 _ 2.303 7
= log | — = K= log —sec™.
20x 60 30 1200 3

Section (E) : Method to monitor the progress of Reactions (Titration Method and
Optical Activity Method) _
QU (E) : afAfbar o Wi 1 oeagd v &1 IRt (ergwmes fafyr den yereia wfsraan fafd)

E-1. Half life of reaction : H202(aq) —— H20(l) + % 02(g) is independent of initial concentration of H202

volume of Oz gas after 20 minute is 5L at 1 atm and 27°C and after completion of reaction 50L. The
rate constant is

H202(aq) ——> H20(l) + % O2(g) AT @ o1g IMHTA H.0- B URM™S |l & w@as 81 1 atm

qAT 27°C WR 20 fAFie & 919 O, &1 MG+ 5L den AfAfhar & gui 89 9= 50L B, 99 971 fais 2 -
2.303

1 . .
A) — log 10min™* B log 10min™"
(A) 20 %9 (B) T
(C» 2.308 log @min’1 (D) 240 log Emin’1
20 45 20 50
Sol.  tuzisindependent of initial concentration a, for first order reaction

X a Vi (= 5L at t = 20 minutes)
a a Vs(= 50 L at completion)

_2.303 a _ 2303, 50
k= log = log —

t a-—x 20 45
g It IRMRNE A @ WGF 2| o Ik veH dife @ R |

x o Vi (= 5L at t = 20 fA9e)
a o Vi (= 50 L afdfssan gof 89 )

_2.303 a _ 2.303 50
k= log = log —
t a-—x 20 45

E-2.» The decomposition of N2Os in chloroform was followed by measuring the volume of Oz gas evolved :
2N205(CCls) — 2N204(CCls) + O2(g). The maximum volume of Oz gas obtained was 100 cm?®. In 500
minutes, 90 cm® of Oz were evolved. The first order rate constant (in min-!) for the disappearance of
N20s is :

FARIBIH | N2Os & a8 2N205(CCls) — 2N204(CCls) + O2(g) | Frh1iRId O, & gas & Argd H
WG a1 S 8, O2 I/ &1 31f¥iead 3maa= 100 cm® U< 8idl & a2 500 9 % 90 cm® 02 frahiRa

BN B IN20s g 8M & fog wem aife &1 991 fadis (et #) 8rm |

2.303 2.303 100 2.303 90 100

(A*) —— (B) ———log—— (C) ——log— (D) ———

500 500 90 500 100 10x 500

Sol. kt = 1In {&]
Cl
2 N20s 2N204 + (@F)

t=0 200 cm? 0 0
t=t 20 cm?® 180cm?® 90 cm®
t=co 0 200cm? 100 cm?®

Initial volume of N2Os = 200 cm?.
(N20s &1 URM™& 3Id) = 200 cm®
because Max. volume of Oz = 100 cm?q.

® 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
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN: UB0302RJ2007PLC024029



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

Chemical Kinetics ﬂ_

(02 &1 Af¥HIA 3MAA) = 100 cm?®

K x 500 =In (%) - = In10 _ 2303

500 500

E-3.» For areaction A —— B + C, it was found that at the end of 10 minutes from the start the total optical
rotation of the system was 50° and when the reaction is complete, it was 100°. Assuming that only B
and C are optically active and dextrorotatory. Calculate the rate constant of this first order reaction.

AJfffFm A —— B+ C 3 ol UR™ 9 10 fiFc U=aq 9 TR & g gavl guie (total optical
rotation) 50° o T AfAfhAT Yui 8 R 100° 9T AT | AMT &1 dbadt B dA1 C & USRI Alha © qon
gferoadt gavt goie § 59 oM dife @1 Afdfshan & fory 9w fFadie a1 o SifoR |

(A) 0.693 min™ (B) 0.0693 sec™ (C*) 0.0693 min™ (D) 0.00693 sec™
Sol. k= 1 In 0-100 _ 0.0693 min~!
10 50-100
E-4. The following data were obtained in an experiment on inversion of cane sugar (a first order kinetics)
Time (min) 0 10 After a long time
Total angle of rotation (degree) +40 +15 -10

The rate constant (in second™) is [In 2 = 0.693]

3¢ WD (cane sugar) & URITA & TH YA H 1 ofide U A U (Yo dife @ Ferfaa)
|HI (min) 0 10 98 31O FHY & Y

o goiF @7 () +40  +15  —10

Ffafpar e @) Fadie ([evs1#H) 2 : [In 2 = 0.693]

(A) 0.0693 (B*) 1.15 x 103 (C) 0.693 (D) 1.15 x 102
Sol. K=_—t* qjplezfo_ 1 |, 710-40_ 1 .5
10x 60 r,—r 10x60 -10-15 10x 60
0.0693

= = =1.15x 102 sec™.

E-5.~ If no catalyst (H") is present in acid hydrolysis of ester then rate constant k is : (Where Vo, Vit and V., are
volumes of NaOH used to titrate reaction mixture att =0, t =t and t = )
IfY TR B I ST 3vEed § IR DI SaR® (HY) SuRed T8 & o <X fAudie k 8 ¢ (STEl Vo, Vi
AT Voo, t = 0, t = L TAAT t = 0 R AfAfHAT MAso1 | o/gamm" & fow ST § fo) S arl NaOH &1

AT ' 1)
) V, . V
*) 2.303 o A (B9 2.303 e .
t (V,-V,) t vV, -V,)
. V, . V
© 2.303 log o D) 2.303 e .
) t (V- V..)
Sol. Vo become zero.

Section (F) : Complication in 1t Order Reaction

@us (F) : oM dife Aifafhar § wifeern

F-1.  The substance undergoes first order decomposition. The decomposition follows two parallel first order
reactions as :

A
kc Ki=1.26 x 10*sec? and K2 = 3.8 x 10~° sec™
The percentage distribution of B and C
(A) 80% B and 20% C (B*) 76.83% B and 23.17%C
(C) 90% B and 10% C (D) 60% B and 40% C
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Chemical Kinetics ﬂ_
e g g @ife @ faareH affthar < B 1 I8 fAuioM <1 ek ued dife @Y sifafhar gR1 g
=

A
k~c Ki=1.26 x 10 sec™! @2 K> = 3.8 x 1075 sec!
B 3R C & gforerdar st |

(A) 80% B 3R 20% C (B*) 76.83% B 3iR 23.17%C
(C) 90% B 3R 10% C (D) 60% B 3R 40% C
-4
Sol.  %of B = Xix100 _ 1.26><i0 x 100 - 76.83%
k,+k, 12.6x10°+3.8x10
-5
% of C = K2 X100 _ 3.8450 x100 _ =2317%
k,+k, 12.6x10° +3.8x10
k,_-2B
F-2 For a hypothetical elementary reaction A/
. ; }ZC
where ﬁ = E
k, 2

Initially only 2 moles of A are present. The total number of moles of A, B and C at the end of 75% of
reaction are:

T PBTuf~ip difedd TfAfhar & ford,

Ay ” -
}ZC k, 2
UR™ A D Dad 2 Aid SURA B | AMfHIT B 75% AN & TeER] A, BJAT C S q Al D G
fdae:
(A) 2 (B) 3 (C)4 (D*) 3.5
Sol. 1 mole of A will form 2 moles of B and C after completion of reactions when 75%. A converted into B

and C then total number of moles = 0.5 + 2x 1.5 = 3.5 moles.
T A S 1A 75% AT FEN & UTA B AN C & 2 Aid R | A S B TU1 C & HUTRY & J¥anq

Al B Hof AT = 0.5+ 2x 1.5=3.5 7 |

F-3. For the follwing parallel chain reaction if the sum of the concentration of B and C at

FHR el fAfhal A

=3 x 107 5N
g [B] (T [C] « SHHRT: &RIT BT P
(A) 1y , By (B) El\/l,EM (C) iM,EM (D% ﬁM,EM
12" 12 44 55 13 13

® 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
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN: UB0302RJ2007PLC024029



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

Chemical Kinetics ﬂ_
Sol. [B]+[C]=2M

B] 2, 4

[Cl 3, 9

F-4. The rate constant for two parallel reactions were found to be 1.0 x 102dm® mol* s and 3.0 x 107
dm®mol-!st. If the corresponding energies of activation of the parallel reactions are 60.0 kJ mol and
70.0 kJ mol™* respectively, what is the apparent overall energy of activation ?
] AR SifAfhateli & forg 9w fAgais 1.0 x 102dm? molt s Taw 3.0 x 102 dm3 mol* s 8| Ifg
ga forg AR afwfrarett & dwa |fhaur oy wwer 60.0 kJ mol Ta¥q 70.0 kJ mol! ¥, @
|iHIT B W G Hol T 7 ?

(A) 130.0 kJ mol™ (B*) 67.5 k mol™ (C) 100.0 kJ mol™ (D) 65.0 kJ mol
-2 )
Sol. we know Ea= Ea, xK, +Ea, xK, _ [1.0x10 ><20+3><10 72><7O]
(K, +K,) [1.0x10 +3.0x107]

Ea = 67.5 kj/mole
= - Y8 Eq = Ea, xK, +Ea, xK, _ [1.0x107 ><30+3><10’:>< 70]
(K, +K,) [1.0x10° +3.0x10]
Ea = 67.5 kd/mole

CHEMICAL KINETICS-II

N IRIECACERIGEAA]

Section (G) : Temperature dependence of rate

Gue (G) : T & 919 W ¥=ar

G-1. The rate constant, the activation energy and the frequency factor of a chemical reaction at 25°C are
3.0 x 10 s71, 104.4 KJ mol™* and 6.0 x 10%* s respectively. The value of the rate constant as T — o
is :
e IfAfsar & forg 25°C aM W eifafsar &R FIdie, |fbgo el iR emgfa wRe wmHEen:
3.0x 10 s, 104.4 KImol 1 3R 6.0 x 104 s18| T - oo T@® & fory aif¥fshan a1 i &1 /9 8rm?
(A) 2.0 x 108 st (B*) 6.0 x 10%4 s¢ (C) infinite (3r~Td) (D) 3.6 x 10%° s*

Sol. K=Axe FRT=Ax g ER*==A=6,0x 10"s™.

G-2.». The rate constant ki of a reaction is found to be double that of rate constant k > of another reaction. The
relationship between corresponding activation energies of the two reactions at same temperature
(E1 and E2) will be represented as :
(A)E1>E2 (B) E1 < E2 (C)E1=E2 (D*) None of these
T STAHAT BT 971 FRIAIS k1 Uh I IfAfshar & 991 Fadid k. &1 o § SN Ui 7| 99 9

g R A ARl & gwfRa Gfhaer swilel 7 g B 9 yeR | yefRfa fear i R ¢

(E1 T2 E2)
(A) E1> E2 (B)E1 < E2 (C)E1=E: (D*) 79 | DI &I
Sol.  ki= Ae™f andTm Ka= A,e™'
A . ! .
I':—l = A—l x & EVRT - A and Az are not given. Ay @1 A, T8l i T B |
2 2
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Chemical Kinetics
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G-3. When a graph between log k and 1/T is drawn a straight line is obtained. The point at which line cuts y -
axis and x -axis respectively correspond to the temp :
T4 Uh U log k AR UT & Hed IRRI fham SIram & A1 b el X&m 0w 8l & 98 fawg ford w @
y 318 g x & W PIcdl 8 | A FHRIHd a9 a1 B P
(A) 0, Ea/2.303 R log A (B*) ©, Ea/ (RIn A)
(C) 0, log A (D) None of these. 39 | BT &1
—E .
Sol. logk= 2 ><1+IogA at Y axies 1 =0 T=ow
2.303R T T
. -E E
at x axis logk=0 s x 1 =—log A & =T
2303R T RinA
Bdl. log k= —E, ><1 +log A Y - 38 WX 1 =0 T=w
2.303R T T
X 378 WX logk=0 —E, ><1 =—log A E, =T
2303R T RinA
G-4 How much faster would a reaction proceed at 25°C than at 0°C if the activation energy is 65 kJ?
(A) 2 times (B) 5 times (C*) 11 times (D) 16 times
25°C am™ W= AfAfshar, 0°C ™ o= IuReq sififshar & faw ifde aoft & 8’ afe |fsaor soif &1 A7
65kJ & ?
(A) 2 T (B) 5 I (C*) 11 7 (D) 16 T[T
Sol.  log Ky)_ E, (T,-T) _ 65x10° x(298—273)
' K,) 2303R TT, 2.303x 8.3x 298x 273
calculation we find -z =11
1
s log K,)_ E. (T,-T) _ 65x10°x(298-273)
K,) 2303R TT, 2.303x 8.3x 298x 273
. K
WHTWQ’\’_&"}IW@FH%K—Z =11
1
G-5. For areaction A — B, Ea= 10 kJ mol™ , AH = 5 kJ mol~*. Thus, potential energy profile for this reaction
is :
PE

B

B

Reaction progress

A

Reaction progress

(D) T
A

Reaction progress
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Chemical Kinetics

Sol.

Sol.

/\g

JfAfhar A —» B @ foIU, Ea = 10 kJ mol, AH =5 kJ mol=X. 39 UoR 39 3ifafhar & fouv Rufaw ot

NG § -

Rerferst
Esi

(A)T A

sifwfban @1 it

Rerferst
Sl

(C)TA

sififrar < R
For reaction, A —— B.
Ea = 10 kJ/mole, AH = 5 kJ/mole
Rxn endothermic because AH (+)

AH = Ea— Eb

5= 10-Ep

Eab =10 — 5 = 5 kd/mole.

arfaforar @& forg, A —— B.

Ea = 10 kg/mole, AH =5 kg/mole

Srfafehar SHEME & wife AH = + ve

AH = Ea— Ea
5 10 — Eab
Eap =10 — 5 = 5 kg/mole.

Rerfarst
Eavll

T g
(8%

A
it @ Rt
Rerferst
Sl
(D) T
A B
e

Then [B].

31a: [B].

Section (H) : Catalyst dependence of rate and type of Reaction and Determination of
rate law and order with the help of given mechanism

@ug (H) : I o SoR® W AR a2 ifAfha @ uerR @ < g fharfa & @/ 9 <)
| @i dife &1 AuRo

H-1.=. The Ea of a reaction in presence of a catalyst is 4.15 kJ mol~* and in absence of a catalyst is 8.3 kJ mol~

Sol.

1, What is slope of the plot of In k vs % in the absence of catalyst
IIRG B SURART H AfAfhar & Ea &1 A9 4.15 kJ mol™! T SRS &1 rguiReifa 7 8.3 kJ mol™ 7 |
GWH%&@QﬁQﬁﬁInKVS%EﬁWWWWTgW?

A)+1 (B) -1
Nowlnk:InA—5 x 1
R T
_ 3
Slope = 5 _ 8.3x10
R 8.3
?ﬂ?sl,lnk:InA—5 x E
R T
E, -8.3x10°
m = 2 =
R 8.3

(C) + 1000

(D*) —1000
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Chemical Kinetics ﬂ_
H-2. For the decomposition of HI the following logarithmic plot is shown : [R = 1.98 cal/mol-K]

1+

0+
11
2+

logk

-3 ! — !
12131415 16
10°T —
The activation energy of the reaction is about

HI & e & fod 1 agore e faan 2[R = 1.98 cal/mol-K]

logk 11
_2--
-3 i } ! }
1.213 14 15 1.6
10%T —
rfafehar &1 aftaer ot grf ?
(A*) 45600 cal (B) 13500 cal (C) 24600 cal (D) 32300 cal
E
Sol. logk=-——2 L | constant (Fraa)
2303R T
E 3
—__Es 103 x 29 4 constant (Frrq)
2.303R T
E, x10° 4

thus, slope of graph will be(3d Y&R IT% &1 &l 81 — & = — —
P ey (w ) 2.303 R 0.4

= Ea=2.303 x 1.98 x 10* = 45600 cal

H-3.  For the reaction Hz(g) + Brz(g) — 2HBr (g) the experiment data suggested that r = k[Hz][Brz]Y?
The molecularity and order of the reaction are respectively :
(A)2,3/2 (B) 3/12, 3/2 (C*) Not defined, 3/2 (D) 1,1/2
1fAfhaT Hz (g) + Bra (g) — 2HBr (g) & fore uraifias smas r = k[H2][Br2] Y2
fav 1 B rfafran & forg wwen: sropwwgan iR ifafhar o aife s &1 ?
(A)2,3/2 (B) 3/12, 3/2
(C*) yeRRia =81 fhar S awar, 3/2 (D) 1,1/2
Sol. H2 (g) + Br2(g) — 2HBr (g)
r = k[Hz] [Brz]*2
Molecularity — not defined.
order =1+ 1 = §
2 2
Bal. Hz (g) + Brz2(g) — 2HBr (9)
r = k[H2] [Brz]Y?
MOgHAT — Fad el |

PpIfe=1+

N |
N | W
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Chemical Kinetics

H-4.  The reaction of NO2 (g) and Os (g) is first-order in NO2 (g) and Os (Q)
2 NO2(g) + O3 (g) —— N20s (g) + 02 (g9)
The reaction can take place by mechanism :
| :NO2+ O3 — 5 NOs3 + O2

NOs + NO2 —B 5 N2Os

K.
Il: 0s = O, + [O]

b
NO2+ 0O —* 5 NO3

NOs + NO2 —2* 5 N»Os
Select correct mechanism.
(A) 1 only (B) 1l only (C*) both I and Il
NO2 (g) T Os (g) § NO2 (g) T2 O3 (g) 31fafshar yem Bife #1 7

2 NO2 (g) + Oz (g) ——> N20s(g) + O2 (9)
aiffspar o= fopan fafd gy el &

I :NO2 + O3 ﬂ—) NOs + O2
NOs + NO2 —%ﬁa—> N20s

||:os%oz+[01

b

NO2+0 —I_, NOs

NOs3 + NO2 —éﬁa—> N20s

@ fRrrfafy g
(A) DI | (B) ®ad Il
For Rxn rate determining step is slowest step
Then in 1st Rxn
Rate = k [NO2z] [O3]
But 2nd Rxn

((HIERIEEI
Sol.

k. fast
05 === 0, +[O] (a)

b
NO2 + O — 5 NOs ....(b)
NOs + NO2 —2% 5 N2Os ....(c)
Then for Rxn (a)
k, _ [0,][O]

o [Os]

= keq (d)

=

by Rxn (b)

Rate = k [NO2] [O] (1))
put value of [O] from (d) to (ii)
Keq[Os]
k,[NO,][0,]

[O,]

fafear & forg a1 Mg ug 9 ug gar g |
It werH rfAforar #

X =k [NO2] [O3]
<Ifd 2nd srfwfsear #

Oak

Rate = k x [NO2]

Rate =

Sol.

aa:ﬂ 02 +[O] ..()
NO2 + O —T™_, NOs ...(b)
NOs + NO2 N N20s ....(€)

(D) None of 1 and Il

D) 1T NF ¥ P T8

AN Resonance”’

Educating for better tomorrow

Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
ADVCHK - 38



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

Chemical Kinetics
39 fafwar (a) & fog

k. _ [G,]IO] _
T o = Keq ....(d)
Y (b) &
X = k [NO7] [0] ....(ii)

[O] @1 3mad= (d) A (i) § &= W

=k M x [NO2]
2
- KNG, ]IO,]
[O,]
H-5 A hypothetical reaction X2 + Y2 —— 2XY follows the mechanism given below.
Xo=—=X + X [Fast]
X+Y2 ——> XY +Y [Slow]
X+Y — XY [Fast]
The order of overall reaction is
TP HTAMS JMBAT Xz + Y2 —— 2XY 7 fhanfafy &1 srgarer ot 21
Xo =X + X [ ug)
X+Y2s —— XY +Y [€9 Ug]
X+Y —— XY GIERE!
a9 Ul sifafsear f& @ife f=r § -
(A) 2 (B) 1 (C"H 1.5 (D) Zero @
Sol. Rate = K [X][Y2]
Keq = [X]2
[X,]
[X] = \/Iq x [Xo]*2
Rate = K x \/Ig [X2]¥2 [Y2]
So the order of overall reaction is 1.5
I/ = K [X][Y2]
_ [XP?
X
[X] = \/Iq x [Xo]*2
97/ W = K x \/G [X2]¥2 [Y2]
3 FRgul iffshar fd @ife 1.5 B |
H-6.  The reaction of hydrogen, and iodine monochloride is represented by the equation :

Hz(g) + 2ICI(g) —— 2HCI(g) + 12(g)

This reaction is first—order in Hz(g) and also first—order in ICI(g). Which of these proposed mechanism
can be consistent with the given information about this reaction ?

Mechanism I :

Hz(g) + 2ICI(g) —— 2HCI(g) + 12(g)

Mechanism I : Ha(g) + ICI(g) —2*— HCI(g) + HI(g)
HI(g) + ICI(g) —*— HCI(g) + I2(g)

(A) T only

(B*) 11 only

(C) bothTand I

(D) neither I nor 11

BIgSIo 3R MAEIE A FeiRss & A9 fhar &1 71 ifafosar g1 wefRia fear S 21
Hz(g) + 2ICI(g) —— 2HCI(g) + 12(g)
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Chemical Kinetics ﬂ_

T8 AMHAT Ho(g) & folg e dife iR ICI(g) & fow +ff wom Ife @t aififsran &1 71 3 &1 el
forarfae) SIRIFd deg & SMYR WR &) S Fhal 8 |
fopafash 1: Ha(g) + 2ICl(g) —— 2HCI(g) + I2(g)

frfas 1. Ha(g) + ICI(g) —B™ 5 HCI(g) + HI(g)

HI(g) + ICI(g) —& 5 HCI(g) + I2(q)

(A) Bad | (B*) Baa 11 (C) 1R I3 & (D) a1 1R 1 & 11
Sol.  Ha(g) + 2ICI(g) ——> 2HCI(g) + I2(g)
Proposed mechanism (Ffaa ferarfae)

Mechanism (frafaeh) : Ha(g) + ICI(g) — Ikl HCI(g) + HI(g)

H-7. Reaction A+ B —— D + E take place as
A+B X, 2C
c+B X, 2D

C+A X 5 2F

The rate of disapperance of C is given by
Affhar A+ B —— D + E 9 YaR w0 &1t 2|

A+B —K 5 2C

c+B —K2 5 2p

C+A X 5 2F

C% faga 8F @1 &R 711 ueR SR &1 |l & |

(A% —% - K{BI[C] + keAl[C] - 2:AB]  (B) —ﬂfl - K[BJ[C] + Ki[E] = ki[C]
©) - % = ke[D] + K3[E] — Ki[C] D) —% [C] = 2Ki[A][B] — k2[BI[C] — Ks[Al[C]
RADIO ACTIVITY

UERIGIEDGI

Section (I) : Radio Activity

gvus (I):
I-1. Radioactivity is affected by :
(A) temperature (B) Pressure (C) electric and magnetic field (D*) none of these
fearafpaar fea gafaa 81 |Fadl & -
(A) a1 (B) 3@ (C) fazga denn g &= (D*) 9 | DI &I
I-2.»  Half life period of 10 gm radioactive element is 20 days. Then half life period of 100 gm of this element
is:
(A*) 20 days (B) 200 days (C) 100 days (D) 10 days
10 gm fSAMMHY T @1 sg—ang 20 fa71 2, A1 39 @ & 100 gm BT Fg—aAY BN
(A*) 20 f&= (B) 200 f&A (C) 100 f&= (D) 10 f&=
Sol. Half life is not depend upon initial concentration.

FA. @ MY URMMSE a1 R AR T8 e 2
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Chemical Kinetics

-3. Determine the average life of U2 having tos = 138.5 day.
(A) 138.5 day (B*) 199.86 day (C) 238 day (D) None of these
U238 ) 3fd—amyg (ATea—aMy) @ T a1 AR tos = 138.5 A
(A) 138.5 i (B*) 199.86 f&= (C) 238 &= (D) S9H & PIg S
Sol.  Tag=1.44ty> = 1.44 x 138.5 = 199.86 day f&=
I-4. A radioactive element has a half life of one day. After three days the amount of the element left will be :
(A) 1/2 of the original amount (B) 1/4 of the original amount
(C*) 1/8 of the original amount (D) 1/16 of the original amount
T ANl d<a @ srE—ang Ud fad v | 9 T & uvernd 99 @@ &) ¥ A A A3 B e
(A) 1/2 (B) 1/4 (C* 1/8 (D) 1/16
Sol. Caz= =%
2 8
G 1
C, 8
I-5. A sample of rock from moon contains equal number of atoms of uranium and lead (ty2 for U = 4.5 x 10°

years). The age of the rock would be :
(A) 9.0 x 10° years (B*) 4.5 x 10° years (C) 13.5 x10° years (D) 2.25 x 10° years
TH Y W FeeH & T H I (U B oI tue = 4.5 x 10° a9 ) Tl oIS & WA B FAM G

IuRed 8 A1 FeeH @ IR |1 B

(A) 9.0 x 10° T% (B*) 4.5 x 10° a9 (C) 13.5 x10° 99 (D) 2.25 x 10° a9
Sol. t= 2.303 logio {n—i_n}
= 2308 L a5 x 109 log1o[2] = 4.5 x 10°years a¥ |
0.693
I-6. The radioactive decay is first order reaction. Its rate, on increasing 10°C temperature

(A) increases 2-3 times
(C*) does not change

(B) decreases 2-3 times
(D) increases 10 times

A Afha fageT yom aife FIfAfhar 8 s@®! g% 10°C d19 &I g™ R

(A) 2-3 1 9 d&H ©
(C*) B3 gRTc =&l

(B) 2-3 7T ¥ Hedl B
(D) 10 7T ¥ 9l B |

Sol. Radioactivity decay does not depend upon temperature.

B Nfeawafby fdues g w ik 81 ovar 21

I-7.».  The half — life of a radioactive isotope is 3 hours . If the initial mass of the isotope were 256 gm , the
mass of it remaining undecayed after 18 hours would be :

M1 Al AHRNS BT AGAIDIA 3 H0C ©, Tfa THRATNS P YRS Sgdq= 256 gm &, a1 18 8¢
® 9I€ 99 gY Afqafed s@@= w1 B

(A*) 4 gm (B) 8gm (C) 12gm (D) 16 gm
256 _ 256
Sol. =—=
2° 64
1-8. A radioactive isotope X with half - life of 6.93 x 10° years decay to Y which is stable. A sample of rock

from the moon was found to contain both the element X and Y in the mole ratio 1 : 7.What is the age of

the rock?

(A*) 2.079 x 10 years (B) 1.94 x 10 years (C) 1.33 x 10° years (D) 10 years

ey FHwT™e X 6.93 x 10° a9 & galy & A1 [Aufed o) Wl d@ Y 9961 2 | I |
U< gee & A1 H X TN Y Q1 d<dl &1 Ad U 1: 7 § e Bl g S AR |

(A*) 2.079 x 10°q¥  (B) 1.94 x 10%° q§ (C) 1.33 x 10° 9% (D) 10% 9¢
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Chemical Kinetics ﬂ_

Sol.

Sol.

[-10.=

Sol.

n,+n
ktzln{ y}
n

_ 0.693x10°
0.693

1;7} = 2.079 x 10%° years 9% |

x 2.303 log1o {

The half-life of ®*Tc is 6.0 h. The total residual activity in a patient after receiving an injection containing

9Tc must not be more than 0.01 uCi, after 36.0 hours. What is the maximum activity (in uCi) that the
sample injected can have ?

OTc BT AG—AY 6.0 h 8| “Tc &R TS Soide o & Ugard I H Rl @l |flbaar 36.0 €
ggard 0.01 pCi ¥ 1% &1 e ARV | Y Y T 7 Af¥was |@fshaar (uCi ) Fa1 81 Aol 3—
(A) 0.06 (B) 0.16 (C) 0.32 (D¥) 0.64

Activity after ‘n’ half lives = %so, 0.01= % Hence Ao = 0.64 pCi.

‘N AGAY B d8 Alshad = %?ﬁﬂ%ﬂr, 0.01= % 9 UoR Ao = 0.64 uCi.

The activity per mL of a solution of radioactive substance is x. How much water be added to 200 mL of
this solution so that the acitivity falls to x/20 per mL after 4 half-lives ?

AMfeArafpg el & [{ema &1 afd mL dfpaa x 2139 ™" & 200 mL 3 fean s framn s
4 I MY YA Afhadl ged x/20 90 mL I8 SN |

(A) 100 mL (B) 150 mL (C) 80 mL (D*) 50 mL

el
2
XV 1 ‘
— | =(X)x 200 | =
20 2
V =250 mL
So added volume of water = 50 mL.

N=N0(Ejn
2
XV _ 1!
53] =00 x200 (2]
V =250 mL
ST Al T4 el 1 37mra = 50 mL.

PART - Il : MATCH THE COLUMN

HET - Il : DI BT FATTT BIVIY (MATCH THE COLUMN )

1w

Match the following :

Column-| Column -l

(Graph) (Slope)
(A) | cvst (abscissa) for zero order (p) | unity
(B) | log cvst (abscissa) for first order | (q) | zero
(©) (_d_tcj vs c for zero order N |-k

—dc . k

D In | — | vsIn cfor first order -
© [ dt j ©) |~ 2303
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Chemical Kinetics

Ans.
Sol.

=1 @1 afsfera HIfvTg

-

-l

(3m®)

(A) | cvst (31E) I dIfe & fog (p) | 3318

(B) |logcvst () weMm dife & forg | (q) | I

(C) (%jvsc?ﬁﬂﬁ%iﬁ%ﬁ M |-k

(D) |In [%j vsinc M dife & faw | (s) _k

A—>1n;(B—>s);(C>a);[D->p)
(A) for zero order reaction C = Co— kt

(B) for frist order reaction log ¢ = log co —

xt

2.303

. —dc
(C) for zero order reaction o Vs ¢ equal to zero

(D) for first order reaction % =kc, In (_d_dtcj =lnk+Inc

Hence plot of In (%j against In ¢ (abscissa) will have slope equal to unity

(A) T B % ST B R ¢ = cokt

(B) 9o dife @Y 1fafshar & a1y log ¢ = log co —

xt

2.303

(C) T &Ife o1 rfafhar & fag %a@ncmﬁzﬁw%‘l

d

(D) v B & AR & fry —< = ke, In (_d—dtcj=lnk+lnc

dt

wuwln(_d—dtc) T In ¢ (&) B FeF ARW BT YT STel, ShIs ® SXI§X BT 8 |

Match the following :

Column-I Column-ll
(A) A e (p) | Unit of rate constant possess concentration unit
r = ki [A] [B]

A+B — > C+D
® |k, a1

Rate constant for the reaction of both the reactants
are equal

(@)

A+B —— C+D
© r =ks[A]° [B]°

Rate of consumption of at least one of the reactants is
(9] equal to rate of production of at least one of the
products

(D)

r = ks [A]° [B]°

2A+B — 2C+3D (s)

If both reactants are taken in stoichiometric ratio, half
life for both reactants are equal.

(s)
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Chemical Kinetics ﬂ_

1 1 gafera HIfo -

- &-

(A)

A+B —— C+D -
= ki [A] [B] (p) | R FRIdT® B EPTE, A=A T WM 2

(B)

A+B s C+D g & fog Il feRsl & fog & Fadi®
r = k2 [A] [B]° @ | = 2

(©)

A+B s C+D P A PH TP ANPGRS B GgH 8 B ), PI A
r = ks [A]° [B]° O | 3% w3 v 3 T A RS /R L

(D)

I T AABRBT Bl IEAHNBROIAT o fora
2A+B — 2C+3D () () |omar & a1 <N af¥eRS & U srgegdiel SRR
r=ks [A]° [B]° BT R

Ans. (A)p,qg,r,s ;(B) g,,s;(C)p,q,1r,s;(D)p, 1, S

Sol. (A

(B)

(©)

(D)

Bdl. (A)

r=k[A][B]
i.e. 1" order reaction
unit of k = mol= It time™*
d[A] _ d[B]
A - PP kAl [B
™ - [A] [B]
_d[A] _ d[c]
dt dt
(tu2)a = (tu2)s if A and B are taken in stoichiometric ratio.
A+B—C+D
r = ka2 [B]°[A] = k2[A]
unit of k = time™* does not have concentration unit.
IS T
dt dt
_d[A] _ d[C]
dt dt
A+B—C+D
r = ks [A]° [B]°
unit of k = mole litre™* time™
d[A] _ d[B] _
R £
dt dt
_d[A] _ d€]
dt dt
2A+B——2C+3D
r = Ks [A]° [B]°
unit of K = mol It~ time™!
_1dA] . 1d[C] N _dA] _ dc]
2 dt 2 dt dt dt
r=k[A][B]
et 1M pife srfafshar
k @1 s®1s = Al L oflex 9agL

_d[A] _ _dB] _

i " k [A] [B]
_d[A] _ dIC]

dt  dt

(ti2)a = (t12)e AT A IR B THARIHROT IgUTa H ford T 2 |
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Chemical Kinetics ﬂ_

B) A+B—>C+D
r = k2 [B]°[A] = ko[A]
k®l Shls = F9g1  Ar=al B Sdhls 8l Bl & |
_diA] _ _dBE]

= ko[A]
dt dt
_dIA] _ dIC]
dt dt

(C) A+B——>C+D
r = ks [A]° [B]°
k @1 3PTS = AT oflex L gag!

LA __dB) _
dt dt
_d[A] _ d[C]
o a

(D) 2A+B——>2C+3D
r = Ks [A]° [B]°
k @) $hls = AT ollex ! gag-L
_1ldA] _ _1dC]

2 dt 2 dt
d[A] _ dIC]
dt dt
3. Match the following :
Column-| Column-Il
(A) If the activation energy is 65 kJ then how much time faster a reaction ® |2
proceed at 25°C than at 0°C
Rate constant of a first-order reaction is 0.0693 min='. If we start with 20
(B) (q) | Zero

mol L™, it is reduced to 2.5 mol L~ in how many minutes.

Half-lives of first-order and zero order reactions are same. Ratio of rates at
© the start of reaction is how many times of 0.693. Assume initial | (r) 11
concentration to be same for the both.
The half-life periods are given ,

o | BT me g g s
order of the reaction is
e a1 gafera o
- -l
(A) | 3R |fhA0T H1i 65 kI & T 25°C W IfMAfHAT 0°C BT Jo1 3 fba=il e 8F0 1 | (p) | 2
g | ¥ BIE! BT X FIai®d 0.0693 mint 8 39 AfAfHAT B 20 drat oL, 9 UR™ -
B) | g 2.5 vrer -t a W # fre Pree @ | %
©) UM BT g I PICT AMHAT & o) 31g g FAM 2, AMATHAT BT URBIH a7 o |11
0.693 & fha=1 A1 8 | A b qF1 & oIy URM™S ATl F94 ¢ |
3 Y & TS B,
Alo (M 0.0677 0.136 0.272
() Euj (a(#zbzue) 240 480 960 (s) |30
arfafspan @t dife grlt ?

Ans. (A-r;B-s;C-p;D-q)

K E.|T,-T K
Sol.  (A)2.303logio —% = 2|21 = -2z =11
K, R| T,T, K,

T2 =298 K; T1 =273 K, Ea= 65000 J, R = 8.314 J/(mol K)
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Chemical Kinetics

®22=-() - 123 = 3x 0693 _ o0
20 8 (2 0.0693
(C) Zero order (A BIR) : tuz = % I order (®112) : twz = _0.i93
e = %2 -2x0603
2K1 K2 K1
(D) tz oc (@)% or(@) (L-n)= logt', , —logt",,
loga'—loga"
1 480 (0.0677 j“
t1/2 cx: n—l :> _— — = 0
a 240 | 0.136

Il Exercise-2 |

% Marked questions are recommended for Revision.

= ffed v <lev A e g |

PART -1: ONLY ONE OPTION CORRECT TYPE

I - | : ddcl Ub Hal fddhed UPHR (ONLY ONE OPTION CORRECT TYPE)

1. In the following graphical representation for the reaction
A—>B there are two types of regions :
(A) I and Il both represent kinetic region at different interval
(B) I and Il both represent equilibrium regions at different time interval
(C* I represents kinetic while Il represents equilibrium region
(D) | represents equilibrium while Il represents kinetic region

1. sfafsrar A—— B & forg 91 amwi ueei= |
T8 R T UBR D &7 SURT 2B |
(A) | e 1l ST Iy eaRTer R wIfast & &1 usfRid wRa 2
(B) | e Il q1 fafy~ a9 ST WR AT &5 Bl USRId $Rd 2 |
(C*) 1 TIfa &3 BT UeRia FRar & Siafd || 9 &3 B ushRid $HRar g |
(D) | 97T BT USRI a1 8 Sidfd |l Tfaa &5 &1 ysRia &=ar g |

Sol. | represent kinetic but Il represent equilibrium region
Because at equilibrium the concentration remains constant.

Sol. | Wf® & welRid wxar 8 <ifes 1| 999 &5 &1 ysRid &xadr g |

Hife Iy R Arsdl Fad edr 2

2. If for a reaction in which A(g) converts to B(g) the reaction carried out at pp I

const. V & T results into the following graph.
(A) then the reaction must be A(g) — 3B(g) and is a first order reaction.

(B) then the reaction must be A(g) — 3B(g) and is a second order reaction.

(C*) then the reaction must be A(g) — 3B(g) and is a zero order reaction.
(D) then the reaction must be A(g) <> 3B(g) and is a first order reaction.

T [B]
Conc.
[A]
1] |
—> Time
T [B]
ATl
[A]
1 n: N
—
Partial —————PB———%——-
Pressure H
_____ P

Time —
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Chemical Kinetics

2. afs frgg va T w, fof sifdfhar A(g) @1 B(g) ® uRafda faar smar €,
IRUTE®Y for T IR U BT B |

(A) a1 srfafssar A(g) - 3
(B) a1 arfafsrar A(g) — 3

B(g) B @1fRT 2T UM dife @ rfifhar 2 |
B(g) B =1fey qen fgdia dife &) srfifsan & |

(C*) a1 rfafssar A(g) — 3B(g) BIF A1RY TAT [ HIfc B AfATHAT B |
(D) a1 arfafsram A(g) — 3B(g) B @1RY T UM PIfe B AfAfehan grm |
Sol. From the given graph it is clear that the concentration decrease linearly with time, therefore zero order
Reaction and A — 3B type.
gd. fQU U oRW ¥ U8 W BN & P WHI & WY Aigdl W& WU 9 "l § A1 Y DI DI Afafpar

I ® d1 yhR A —> 3B R |

| H

_____________

G —>

3. For the first-order reaction Tav (average life), Tso and T7s in the increasing order are :
T Pl B AMHAT & AT Tav (3T 31MY), Tso TA T7s BT TG G 4 B |
(A*) Tso < Tav < T7s (B) Tso < T7s < Tav (C) Tav<Ts0< T7s (D) Tav=Ts0 < T7s
Sol.  We know (89 STl ®)
tav = 1.44 X ts0% and (3iR) t75% = 2 ts0%
Then () t50% < tav < t75%

4. Concentration of the reactant in first-order is reduced to —- of initial concentration after :
e

(Natural life = %)

(A) one natural life-time

(B*) two-natural life-time

(C) three natural life-time (D) four natural life-time

T Pife @ Affhar § INEHRS o A e_12 fhal FHg Ugard vl ? (WRfad oy = %)

(A) TH AT DI (B*) &1 W g dad  (C) 9 A Mgl (D) IR AR ST

Sol. Ci=Coe X
1
— %X Co=Co e Kt
e
2= g Kt

t:g
K

t = 2 natural life time. (31 TR AYHTA)

5. For a chemical reaction A — products, the rate of disappearance of A is given by :

—dc, K,C,

= At low Ca the reaction is of the ..... order with rate constant.....(Assume Ki, Kz are

dt 1+K,C,
lesser than 1)

AfHaT A - SR B fly A S fag@ 89 &1 &% 7191 R &1 SRl 2 |

—dC, _ K€, <A CaWR AMAfhan &1 SIfS ... 2 T 9 i ... 8 | (AFT K, K2 19 &9 & )
dt 1+K,C,
AL (B9 I, K (C) 11, Ka/K O) I, —a
'K, P P2 'K +K,
—dc, Ch
Sol. =Kz if Caissmall.  Ife Ca9gd BT 2 |
dt 1+K,C,
thendd 1+ KoCa=1
—dC
TA = Kl.CA

AN Resonance”’
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Chemical Kinetics

6.

Sol.

Sol.

For a first order reaction, nA —— B whose concentration vs time curve is
as shown in the figure. If half life for the reaction is 24 minutes . Find out
the value of n.

(A)1

(B) 2

(CH 3

(D)4

—>

concentration

T
204872
Time (min.) —»

nAHBHWﬁ%H%WEﬁWﬂTWHWWE%WHEEﬁWT 5
THR ¥ USRiT fear w21 afe sfdfhan & fou srgemgsra 24 fime &, @1
n &1 99 S0 BT |
() 1 E
(B) 2
(3 A
(D) 4 T
204872
79 (min.) —»

nA——B
a
a—X 3 t, = 24 min

n

att=48 a—xzi

n
n 1+n
m_1.,. a
24 48 __ha
(1+n)

4:M — n=3

- .

In a reaction involving one single reactant, the fraction of the reactant consumed may be defined as f =

(l— Ej where Co and C are the concentrations of the reactant at the start and after time, t. For a first
0

order reaction

T AMHARI H TP Udhdl WPHRD AT oIl & 9 AMHAT H Ugad U JWHRD & J9rsd (fraction) Bl
f:(l—gj$wﬁq‘c{ﬁhﬁo‘mw%‘lﬂﬁ% IPRE B IRMIS ITadl AR t TII 9T B

0

JfYPRE B Frsdl C 8 a 92H dife &1 Jf¥fhar & o

df df df df
A¥) — =k(1 -f B) —— = kf C)—— =k(1-f D) — =kf
(&) 5 =k @) - ©-g =ka-H O
Given f:(1—ij then = =(1—1)
CO Co

dr -1 g for first order reaction — g _ Kc]

dt ¢, dt dt

df 1

— = —KJc

dt ¢, [c]

/\
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Chemical Kinetics

8. =

Sol.

9=

Sol.
Bdl.

df _

%:Cid—: umaﬁ%aﬁa@mﬁkm—d—czm]
df 1 df

—_—_ =—K — =K@A-f

dt  c, g ar - =0

A — Product and ((ji)t(j = K[A]?. If log [(31_):] is plotted against log [A], then graph is of the type :

T A = S, AR (‘;—f] k[A]Z%mﬁlog( ]amog[A] & fieg o6 ofEe R e

UT% BT YBR BT 2

Iog(dx/dt)

log[A]

log (%] =logk + 2log [A]

Slope (aTd) = 2
Intercept (3T1:gvS) = log k.

log (dx/dt)

S A -

log[A]

The following data is for the decomposition of ammonium nitrite in aq

Volume of Ny Time
produced in cc. (minutes)
7 10
12.6 20
35 infinity
The order of the reaction is
(A) zero (B*) one (C) —one
STl faera & i Asee & faaeH & sifes o &
Sarfied N2 EFI G e
MU cc H
7 10
12.6 20
35 3=
sifafspar @t dife grft ?
(A T3 (B*) T® ©) -

eous solution.

(D) —two

(D) -2

Calculate k from atleast 2 datas. It will come out to be a first order reaction.

HH A FHH Tl Sifhel A k B TUET R | TE UUH Bife afAforar g |

/\
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Chemical Kinetics ﬂ_

10.

Sol.

11=

Sol.

12.»

Formation of NO2F from NO:2 and F2 as per the reaction 2NO2(g) + F2(g) —— 2NO2F(g) is a second
order reaction, first order with respect to NO2z and first order with respect to Fz. If NO2 and F: are
present in a closed vessel in ratio 2 :1 maintained at a constant temperature with an initial total
pressure of 3 atm, what will be the total pressure in the vessel after the reaction is complete?

(A) latm (B*) 2 atm (C) 2.5 atm (D) 3 atm

NO2 eIl F2 ¥ NO2F &1 §9H1 for=1 aififihar & gRT 2NO2(g) + Fa(g) — 2NO2F(g) 8, I8 U& fdia #ife
AfAFHAT 81 NO2 & et Yo BIfe qen F. @ et YoM dife ifafhan g | afd NO, @21 F, Ta 9 OIR
# fgd a9 W URMIEG A @ 3 IgESA S I 2 ;1 Agud H SuRYT B B @1 kA gut B &

G UTF B AT Gl &9 99T BT ?

(A) 1 9rgHvSHIA (B*) 2 argHUSei (C) 2.5 grgHvSH™ (D) 3 argHTSI
2NO2(g) + F2(g) —  2NO2F(g)

t=0 2Po Po 0 2Po + Po = 3 atm

t=0 2atm 1 atm 0 Po =1 atm

t=t 0 0 2 atm

The inversion of cane sugar proceeds with half life of 50 minute at pH = 5 for any concentration of
sugar. However if pH = 6, the half life changes to 500 minute of any concentration of sugar. The rate
law expression for the inversion of cane sugar is written as : r = k [sugar]® [H*]Y. Determine the value of

y.
(A) r=k[sugar]* [H'T? (B) r=k[sugar]* [H']? (C*) r=k][sugar]* [H]* (D) r =k [sugar]* [H*]°.

3¢ T Bl fHAl Wl W UfddAA (inversion) 31€ Mgl 50 fiFe, pH = 5 W YT 811 8 de1 pH =
6 B W AE PPl 500 fAe U 811 & | TH¥1 & Ufdddd @I 71 971 fam & gr1 welRfa faan i
FHaT & ¢ 1=K [T [H]Y, y S F9 B T HINTT |

(A) r=k [ [HT (B) r=k[EaR1]* [H]2  (C*) r=k[ZRI: [H]E (D) r = k [Zrebri]t [H]°.

pH =25 pH =6

[H]=10"° [H]= 10"

On decreasing [H*] concentration by 10 times, the half life of reaction increases by 10 times that means
reaction rate has been decreased by 10 times. Therefore, we can say that the order of reaction with
respect to [H*] concentration is one.

[H*] @ |l 10 1 O™ W KA 10 AT del & Ui AMWHar &% 10 1 | 8¢ SRl & | gafoy
T P 9hd ¥, b [HY] I & | ififhar & s ta 2 |

Inversion of sucrose (C12H22011) is first-order reaction and is studied by measuring angle of rotation at
different instant of time

H+
C12H22011 + Hzo —> Celeoe + C6H12OG
Sucrose Glucose Fructose
d d |

If (r= — ro) = a and (r- — 1) = (a — x) (where ro, r: and r» are the angle of rotation at the start, at the time t
and at the end of the reaction respectively, then there is 50% inversion when :

GhE (C12H20011) BT UlUA U BIfe 1 IfAfhar & do A= I9a W sdd AU BT JqI oA &
B0 gRT B S 2 |
"

C‘\ZHZZOH + Hzo — CsH1zoe + CeH1zOs

GEAR] RSN e
d d !
I (fo—ro) =@ TAT (e — 1)) = (a—X) (ST ro, I TAT o HAY: YRS H FHI t TR qAT AMAHAT & o1 |

O BT HI0T 8 A1 I8l R 50% U= B8R STa—
(A%) ro=2r —re (B)ro=rt—re (C)ro=r—2rs (D) ro=r+reo

/\
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Chemical Kinetics ﬂ_

Sol.

13.

Sol.

Sol.

14.».

Given (f&ar T 8) (fo—to)=a, (tx—n)=(a—x)
At 50% Inversion (50% URI&A = W)

= :(a_x)
(rw;ro) = (o= 10)
(ro—Tr0) = 2rs — 21t
o = 2rt — o

In a hypothetical reaction, A(aq) — 2B(aq) + C(ag) (1% order decomposition)

‘A" is optically active (dextro-rototory) while '‘B' and 'C' are optically inactive but 'B' takes part in a
titration reaction (fast reaction) with H202. Hence, the progress of reaction can be monitored by
measuring rotation of plane polarised light or by measuring volume of H202 consumed in titration.

In an experiment the optical rotation was found to be 6 = 40° at t = 20 min and 6 = 10° at t = 50 min.
from start of the reaction. If the progress would have been monitored by titration method, volume of
H202 consumed at t = 15 min. (from start) is 40 ml then volume of H202 consumed at t = 60 min will be:
UH Hlcdd AfAfhar #, A(Sel) — 2B(STeil) + C(STeti) (st @ife fa=rem)

‘A yETRIe wfha (ST gofe) 71 Sefs B dun 'C weiRie [Af%sa 3| WfdT B, H20. & Wi IgHTA
afaforan (g eifSiforan) 5 afafera 8T © 1 59 UoR Mk & T &1 egga wad gd gamT
(plane polarised light) & daf @& FoIM & WU gRT AAAT AFATTT H H20, & UJad MIIH & AIUA I
fpar Smar 21

TN § UHIRE goid, 3rfafhar g™ 8 ¥ t= 20 fiFe 1R 0 = 40° der t = 50 fiFe W 6 = 10° U Sl
2| Il aififoran & gfa &1 sregs ergaea fAfY g1 Siar &, 99 t= 15 fiFe (UR™ 9§) R H.0:
F1 YUY AT 40 ml &, T t= 60 e W H20, T TJad AT RIT BT :

(A) 60 mi (B*) 75 ml (C)52.5 ml (D) 90 mi

As only A is optically active. So conc. of A at t = 20 min o« 40°

While concentration of A at t = 50 min o« 10°

S0 t1z = 15 min.

So volume consumed of H202 at t = 15 min = tu, is according to 50% production of B.

at t = 60 min. production of B = 94.75% (four half lives)

So volume consumed = (40 ml) + [4—20j ml + [%j ml + (‘:3—Oj ml = 75 ml ans.

Tfd dact A UHeT Aiha gsTef B 31 t = 20 e W A &1 |l o 40°

STafd t =50 e R A B Higdl o 10°

3 tyz = 15 fiFTe

SHUGR t = 15 e W H.02 & TIa MR = tuz, B $ 50% SHET & AR 2 |
t= 60 fAe W B &1 SAGT = 94.75% (IR AFITY)

T UPR Y 3rIad = (40 ml) + (%}ml + (‘;—ijl + [‘;—ijl =75 ml Ans.

A.G.M. counter is used to study the radioactive process of first-order. In absence of radioactive
substance A, it counts 3 disintegration per second (dps). When A is placed in the G.M. counter, it
records 23 dps at the start and 13 dps after 10 minutes. It records x dps after next 10 minutes and A
has half-life period y minutes. x and y are :

T MR oAb I3 B Yo Yo DIfc ol (ST |l (Y # gy foan S 2 | i |fsa ugel A
JuRefd # I8 A9 fdeed ufa dFvs (d.p.s) AT 2 9 A B MR JaAd I3 H @1 Al § Al TR
H g8 23 dps T21 10 fie yeamrq 13 dps R@s &=l 2 I8 37Tt 10 fAse uzarq x dps R&rs a=al & qon
A ®T 31g IMHTA y e | x qam y 2—

(A*) 8 dps, 10 min (B) 5 dps, 10 min (C) 5 dps, 20 min (D) 5 dps, 5 min
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Chemical Kinetics

Sol.

Sol.

15.

15.

Sol.

16.

There is an error of 3dps (already exist)

Then
Nt = 10 dps
The half life = 10 minutes

No = (23 — 3) = 20 dps

In next 10 minute Nt =5 dps
Then value with error = (5 + 3) = 8 dps.

I8l W 3dps @1 Ffe B

ar uRfNE Jfbaar No = (23 — 3) = 20 dps

Nt = 10 dps
31g g = 10 fase
3Tl 10 e # Ci= 5 dps
a Ffe & |y AH = (5+ 3

For the following parallel chain reaction what will be that value of overall

half-life of A in minutes? {Given that = =—

(A%) 3.3
(C) 3.6

=1 AR g Afdfhar & folw A @1 97l sig—ag &1 A fAee #

R BRI ? {ﬁm ™ [Bl
[C],

(A% 3.3

(C) 3.6

We have 88 994 &,

) = 8 dps.

[B], 16
9
(B) 6.3

t

(D) None of these

_16
9

(B) 6.3

(D) 378 & BIS et

Now 374, k=ki+ka=[2x 103+ % x 2 x 107% sec™?
-3
= g X :I_O_3 Sec‘l = M min—l
/n 2 693 .
so s9faTy, Tip= ——— = = 3.3 min.
Y2 7 30%10°7 7x30
B

For the follwing parallel chain reaction A

C

the overall half life of A is 12 hours If rate of

formation of C is 60% of a rate of decomposition of A then what will be half life of A while it is converting

into B ?
(A) 40 hours

FHR Sl AAfhar A

(B) 60 hours
B

(C) 50 hours

(D*) 30 hours

o fou afe A & a9l sig—ay 12 99¢ 8| afe C & fFaio

C
A B fIASH B 60% T | A D AE—AY FT BN Sid A, B H uyRafia g g ?

(A) 40 To¢

(B) 60 TvC

(C) 50 gve

(D*) 30 &9

/\
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Chemical Kinetics ﬂ_

Sol.

17.

17.

Sol.

18.»

Sol.

Sol.

19.

19.

k1+k2=n—2
12
IB] _ 4 _2 _k
:> —_— . = - == —_
IC] 6 3 Kk,
= Ek1: In_2 = ki = In_2 = t12 = 30 hr.
2 1 30

The potential energy diagram for a reaction R —— P is given below :
AHP° of the reaction corresponds to the energy —

(A*) x

(B)y

©)z

(D) (x +y)

Iffhar R—— P & forv Rafaw Suif e /4 yor 9 fam 8
AIfAFHIT BT AHO, Troft | FefSd BN :

(A*) X

B)y

©)z

(D) (x +y)
By diagram (3IR® §RT), AHO=y —z = x.

In gaseous reactions important for the understanding of the upper atmosphere H.O and O react
bimolecularly to form two OH radicals. AH for this reaction is 72 kJ at 500 K and Ea is 77 kJ mol, then
Ea for the bimolecular recombination of two OH radicals to form H20 and O is :

we R Sifafshar § SUR) AR 1 H20 T O fganfdas wu | fha1 @) &1 OH J&@® a9 & | 500 K
W Affhar & folg AH 72 kJ & T21 Ea, 77 kI mol™ & | &1 OH & & fganfas g+ wdiod & Ho0 den
O 99aT1 8 a1 39 foly Ea BT |
(A) 3 kI mol™ (B) 4 kJ mol (C*) 5 kJ mol (D) 7 kJ mol™
H20 + O — 20H AH =72 kd/mole
and Ea = 77 kd/mole
Then we know AH = Ea — Ep
2=71-Ep = Ebr = 5 KJ/mole
H20 + O — 20H AH =72 kd/mole
qAT Ea = 77 kd/mole
89 SMd 8 AH=Ea—Eb
2=71T-Ep = Epr = 5 KJ/mole

The Arrhenius relationship of two different reactions is shown below. Which T A

reaction is faster at a lower temperature and which is more sensitive to

changes of temperature ? log k B
(A*) B faster, A more sensitive (B) B in both cases

(C) Ain both cases (D) A faster, B more sensitive Y
31 = affpare & foag o d9g @1 9 e w1 g1 a9 WD A
ifafrar =1 Qg w® daar | Bl 8 eIk B siffhar arg | uRadd ) t

i wdeeiiel (sensitive) il & ? log k B
(A*) B Tl 9, A 3Tfdd Hdgeid (B) ]I 3@ ¥ B

(C) &1 Sravent # A (D) AT 9, B safs daeTeid 1T—>

/\
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Chemical Kinetics

Sol. K=Ae Lo log k = log A + T
RT 2.303 T
the reaction which is more Ea, is the more temperature sensitive.
fAfshar RadT E.o1f% 8 a8 am & ufd ofde dae-eia Bt 2 |
20.=  For the same mechanism as Problem refer to the given Fig. and choose the T
correct set of identifications. >
E + S = ES g ij\
(enzyme) (reactant) (intermediate-1) 211 S (4)
ES = EP % @)
(|nterrrl15e|;jlate-l) (|ntérmed|atf-2) 5 E Roaction coordinate—s
(intermediate-2) (enzyme) (product)
1) (2) ) (4)
(A) AEfor E+S > ES Eafor ES —» EP AEoverai for S — P EaforEP > E+P
(B*) | EaforE+S —> ES AEforE+S —» ES Eafor ES —» EP AEoverai for S — P
© Eafor ES > EP EaforEP > E+P AEoveraifor S —» P AEforEP > E+P
(D) EaforE+ S - ES Eafor ES —» EP EaforEP > E + P AEoveraifor S > P
(E) AE forE+S — ES AEoveraifor S —> P AE for EP > E + P EaforEP > E+P
20a  REAGER @ Tz BN & UR W GEl Agd B gA1d DI |
E + S = ES ]
(Y118 H) (fraTR®) (Fegaei-1) E N
(Feat-1) (FeTat-2) g ) (2)3)
EP s E + P :
Afafspar fceris —»
(Feal-2) (TTTSH) (STR)
1) @) €) @
(A |E+S—>ES® faUAE | ES—>EP® folUEa S > P& oIt AEgwm EP >E+P® folUEa
(BY) |E+S—>ES® foUE. | E+S>ES® fAUAE | ES > EP & folUEa S — P& ol AEgme
(C) | ES—>EP® folUEa EP >E+P® RITE. | S>> P& oY AEw EP > E +P & fRITAE
(D) |E+S—>ES® foelUE. | ES—>EP® folUEa EP >E+P® folUEa | S— P & folU AEwww
(E) |E+S—>ES® fAUAE | S—>P® folt AEw EP >E+P® folUAE | EP >E+P & fITE,
PART - Il : NUMERICAL VALUE TYPE
HIAT - 1l . F&THSP HIH PR (NUMERICAL VALUE TYPE)
l=a In a catalyst experiment involving the Haber process N2 + 3H2 —— 2NHs, the rate of reaction was
measured.
Rate = AINH,] =2.0x10% mol L™t S
The rate of reaction of N2 is p x107%. Then find the value of p.
TR YA N2 + 3H2 —— 2NH: f1fRd to SaR®™ wamT | fffshar & &) &1 /a1 1327 |
= AINH] =2.0x10“ mol L™ S,
N2 @1 IfAfhaT g% p x1048 | 99 p &1 A A DI |
Ans. 1
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Chemical Kinetics ﬂ_

Sol. N2 + 3H2 —— 2NH3
B d[N,] - dH,] _ dINH,]
dt 3dt 2dt
Lo AN L ANHSL L 5 0% 10 = 10 mol Lt S = 1 x 10 mol L S
dt 2 dt 2
2= A substance A is mixed with equal quantities of the substance B and C. At the end of 1000 second, half
of the amount of A has reacted. What fraction of A will be left unreacted at the end of 2000 second. If
the reaction is zero order with respect to A ?
gt A, TgrRf B @1 C @ §9E AERI & 1Y e ST 8 1 1000 A6vS & UwErq A di 3mel A
A 81 SR 81 2000 WHUE & UTAR] A BT fBd=T W (YIS = Fraction) 3Meifdad oW = ? afe
Fffran A w4 9 T dIfe 31§ ?
Ans. Zero
Sol. Reaction zero order W.R.T. to A then.
when half of A reacted
A + B + C —— Product
att=0 ao ao ao
att = 1000 sec. 2 B &
2 2 2
Then we know for zero orders Rxn (ao — ar) = kt

: a,
given ar = 2.

aO
2
k = & = % = o
2xt 2x1000 2000
at t= 2000 sec.

Then kxt=

a0—ar= —2_ x 2000
2000

ar=0 zero fraction left.
g  AD d=d A afufra g9 aie o &, 99
9 A M AT WG B I ©
A + B + C — Sdq

t=0 W ao ao ao
t = 1000 sec. I} al al al
2 2 2
T9 I HIfc o1 JIWAfHa & o &1 I 8 fF (a0 — ar) = kt
fear @ at = a—o.
2
GE k><t:a—0
2
aO a'0 —_ aO

k= = =
2xt 2x1000 2000
t = 2000 sec. ®

a—a= —0_ x 2000
2000

a=0 Y[ YISl Y ET 2 |
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Chemical Kinetics ﬂ_

3=

Ans.

Sol.

Sol.

Ans.

Sol.

5.x

For a first order reaction, time required for 99.0% completion is x times for the time required for the
completion of 90% of the reaction x is :

v Bife @ Affshn & forg ueRia HIvR s siffsar & 99.0% gofan & foy smaws |93, fdfear &
90% qoia: & oIy awad FHg &1 x T Bl B | X BT A B—

2
. 2.303 100 .
For 99% completion, tooow = lo B (
s eomp T T 90099 0
. 2.303 100 .
For 90% complection, teo% = lo B (
° comp oS %900 00 U
By Egs. (i) and (ii) Lo _ 109100 _
to, 10910
. toow = 2 X toow
2.303 100 .
99% ERlcy tooos = lo N (
6Tt S = = U
2.303 100 .
90% ERlcy toos = lo N (
6Tt T toow = == xlog =05 0
BT (i) T (i) D R Logy, _ 109100 _,

togy, 10010
tog9 = 2 X t90%

A flask contains a mixture of compounds A and B. Both compounds decompose by first-order kinetics.
The half-lives are 54.0 min for A and 18.0 min for B. If the concentrations of A and B are equal initially,
how long (in minute) will it take for the concentration of A to be four times that of B ?

e UG A oI B &1 MRS @ar 21 I 3iffe verd dife @1 wifde gR1 fAedia B 51 A @ forg
g 54.0 fAide o B & foy 18.0 e 21 IR UR™ § A T2 B &1 Hisari 9919 © | 94 A &1 |isdl
B @ Aigdl & o 3§ 4 A1 89 H o= 999 RRm ?

54

Containing mixture of compound A and B both decomposed with first order kinetics

fAisror 3 SuRRerd Aiffis A den B SM1 & Ao veM @ife @1 e & IgaR 8l & |

tu2 for A =54 min tu2 for B = 18 min

t FHT AT A B Al B @1 ARl & ger 3 4 T 2 |

e a2 -
A —Aje ™ )
Bt — Boe ™" ()}
Ao = Bo
At — 4B
by (i)/(ii)
8, _(Be"
BI - Boeszt
4 = e(szkl)t
In4=(ka—kyt
_ Ind  _ In4a _ In4 — 54 min
"~ (k,-k,)  (k,—k,) 0.6932 0.6932 '
18 54

At 80% of a radioactive element undergoing decay is left over after a certain period of time t from pure
start, how many such periods should elapse from the start for just over 50% of the element to be left
over.

e ST Gihd T &9 & SR Y& AW H UR™ ¥ Tah MREd I99 t & uzaq 80% dF Y §9dl ©

T9 U™ A T & 50% Y g9 (&) & oIy 9 UBR & ol 3Mad &Il Ugad 8ld & 2

/\
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Chemical Kinetics ﬂ_

Ans. 3
Sol. Let HTHT a = 100

a —x = 80 (amount left Iy #T)
Q

Amount left 29 AT o = [n = number of half lives 3T&aTg 1 w1
80 = 100 = 2" = 10
2" 8
. nlog2=10g10-3log2=1-3%x0.3=0.1
01 _01_1
log2 03 3
n= 1 _ t(time for 80% amount left or 20% decomposed) — = 3t
=-= 12 = Sl
3 t,,, (time for 50% amount left or decomposed)
1 t80% Iv#amn a1 20% fufed w3n & foay w99 )
n= - = = ty2 = 3.
3 t;,,(80% 2w a1 fqufeq A= @ forg =Y )

6.:= In a Il order reaction, when the concentration of both the reactants are equal, the reaction is completed
20% in 500 sec. How long it would take for the reaction to go to 60% completion ? (Report your answer
terms of minutes).

e @ife o1 aififshar & fog 19 <FT feRST @ digdl § 99 g, AffHar 500 dFve § 20% goi
B Ol 2 | SIfAfhan @& 60% guian & fog fha w9 *maeds g | (1 Stk fiFe & ug #§ R )

Ans. 50
Sol.  We know for 11" order Rxn. (fgcir ®1fe @t sifdfesan & forg &9 o9a 8 )

=~

=1 t 1 (because concentration of both reactants are equal)
t|(@a-x) a
(@i T JIBRSBT B A=A A 8)
when Rxn completed 20% (STa 31f3fsham 20% goi &1 Sl &) = (@ — X) = 80, [a]

100
1 1 1
Then (49 ks — | =—-—=
(@) 500 | 80a a
| 100
k= L [100 1
500 | 80a a
k = 1 @_1
500xa | 80
1 20 1 1 1 1
— X — X — = X — =
500 80 a 500x4 a 2000a
_ 1
2000a
For 60% completed (60% Juid: & foIq)
60 40a
(@a-x)=|la———a|=—
100 100
111
Then (FI—GI) k= I m g
100
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Chemical Kinetics

1 _ 1 [100_,
2000a axt | 40
L _1)60
2000 t | 40
t=3000sec  Ans. 3000/60 = 50 min.

7. The acid catalysed hydrolysis of an organic compound A at 30°C has a time for half change of 100
minutes, when carried out in a buffer solution at pH 5 and of 10 minutes, when carried out at pH 4. Both
times of half change are independent of the initial concentration of A. If the rate of reaction is given by
% = K[A]?[H]°, what are the values of (a + b) ?
pH=5% Th 9% faed9 # 30°C R TH FHrafd ARd A $T 3 SART STatemees 100 fAse § amen
B ST 8 9O pH = 4 R F9E URaa+ # 10 fAde o 8 | <91 uRRefal # amen uRads A & uRfa
T R PR T @Rar 2 A 3 @ fre gar —GAl = K[A][H']P ¥ vefia fear S @ (a + b) &1
AN R B ?

Ans. 2

Sol.  The Rate equation _‘Z[IA] =k [A]? [H']°
During any experiment pH is constant
—_‘i[tA] =k [A]* where k' = k [H']°
Since Half is independent of the Initial conc. of A Hence a=1
First order w.r.t A. Now k' is First order rate constant k! = 0;693

1/2
(o) _ ks _kIHE _ ML @j I
(M) Ky KHE  [H] 10 107
So % = k [A] [H']* Ans. (L +1)=2

. X GHIBR —_ij[tA] = K[A]R [H°
fosfl T @ SR pH fRud = 2
—‘Z[IA] =K[A]® STl k' =k [H]

JEdl A BT JGIAYHIel TRMASH Aadl § W@ad g 3 a=1
A® G4 | UM Difc e KD 9o B &1 R e 21 kl= 2009

1/2
(o) _ Kk _KkIHE _ ML @j T
(M) Ky kHE  [H]L 10 107 '
ara: LHA] =k [A] [H*]* Ans. (1+1)=2

8. The rate of decomposition of a substance increases by a factor 2.25 for 1.5 times increase in
concentration of substance at same temperature. Find out order of reaction.

HAM d¥ W ggred & diear 9 1.5 A1 ghg @ g, us1e & fdged #1 &R 2.25 YoNd 9 98 oIl @ 9
AT & BIfe I BT ?
Ans. 2
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Chemical Kinetics

Sol.

Sol.

Ans.

Sol.

10.

We know
Rate = K [conc]" for n'" order Rxn.

R conc, '
Then, ate, ={ 2j

Rate, conc,
given, Rate: = Rate: concz = (conci x 1.5)
2.25=(1.5)"
n = 2 second order Rxn
g ol ' &

R = K [arsal)” nh e o srfifsar & fore

X,

& (X2) Ratez = (<X1) Rates , rsdlz = (F=dix 1.5)
2.25=(1.5)"
n =2 fgda aife a1 afafean

Half-life period for decomposition of NHs over tungsten wire are given below :

Initial Pressure in min 50 100 200

T2 3.52 182 |0.93

Calculate order of reaction.

TIREA IR W NH: & fages & fog o smgara & etiws - i T 2:

URMS 9 50 100 | 200

T2 3.52 1.82 | 0.93

AT & B @ T B |

2

Suppose order of Rxn is n (A1 f& srfaferar @ ife n &)
Then (d9)

t1/2 oc [iJ
PO
(ty) _ (Q J
(t1/2)2 (PO)l
From (i) and (ii) data. (i) @ (i) 3THsT )
i) -(%)
1.82) (50
1.934 = (2)-D

(1.9569) = (2)0-
n = 2 I1" order Rxn. (fgxia ®ife & fafmar)

The rate constant for the Il order neutralization of 2-nitropropane by aqueous alkali obeys the equation

logoK = g +12 T is temperature in Kelvin.

Time and concentration were in minute and mol litre™! respectively. If half life at 43.3°C and for an initial

concentration of 0.001 mol litre™* for each of the reactant is. Expresed as 107, then x is :

STl &R gRT 2-ARSIMUA & ITRIFIER 3 fgda dife o) sifafhan & fov ) Fadaie =1 aiexon

BT YT Rl &
|oglo}<:¥ +12  Taw ¥ @fa #)

A TAT ATedl HA: e don J9rd ufd elex § 21 43.3°C AU W M1 YA JANHRG & oy yRA™H

Hiedl 0.001 A Ufieiler & oIy ofg 3y &1 0T DI ?

/\
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Chemical Kinetics ﬂ_

Ans. 107 minute
3163

Sol.  logoK = +12

at T (T W) = (273 + 43.3) = 316.3K
3163
I K= —/—— +12
09108 = 3163
logioK = (10 + 12) = 22
K = 10%
Then half life period 319 3TE3MY BTA

t1/2=[ 1 J ! - =101

Kxa) 10%2x.001 10
t1/2 = 107 min Ans. 107 minute.

11. The ratio of activities of two radio nuclides X and Y in a mixture at time t = 0 was found to be 4 : 1. After
two hours, the ratio of activities become 1 : 1. If the ty2 of radio nuclide X is 20 min then ty2 [in minutes]
of radio nuclide Y is :
t=0wR R VS MAsor § 1 AT 1S X Jo Y Bl AfhA b1 UK 4 : 1 Ui A1 Fl &I g
ggarq 1: 1 9rm | Ife ST NG X Bty = 20 e B a1 A WG Y B to [ H] @@ e

Ans. 30

sol. P _ 4 Ay
AY) 1A,
Ay —Ax = SIn (AO)YXh}
C (A Ay
O =2t = In =
y—=A)t=1In =
4

t12 = 30 minutes.

PART - lll : ONE OR MORE THAN ONE OPTIONS CORRECT TYPE
YRT - 11l : TP T U A 3P T3l fdhcy YR

1. Which of the following are true about rate of a reaction?
(A*) Rate of a reaction cannot be negative
(B*) Rate of a reaction of a reactant is change in concentration of the reactant per unit time.
(C) Average rate and instantaneous rate can never be equal.
(D*) Rate depends upon surface area of the reactants.
AMFH B R A TG 99 FF 9 H QA e ®
(A*) 3rfAfhaT B R FOTHS 81 & Fhall © |
(B) fhuTaR® & Arsal § U SHIE AT B A1uel uRadd b1 JIfAfha & &% FEd B
(C) 3i™Id 977 TT AEfOTd 97 Y WY FHAE &I B Fh © |

(D*) R, JIMBRDI & TSI &b IR ¥R Hal 2 |

2. Which of the following statement is/are correct?
(A) A second order reaction must be a bimolecular elementary reaction
(B*) A bimolecular elementary reaction must be a second order reaction
(C*) Order of reaction can’t be predicted by stoichiometry of reaction.
(D*) First order reaction may be complex or elementary reaction
=1 9 9 P HUF W8 § ?
(A) T fgara dife sififear fgenfoas wrefe sififsar 2
(B*) fg anfPas urefue sifafimar fada @ife sifafear g =nfag |
(C) fAfraT & &R &1 AfAfHaT o THAHEROIAN §RT 1d A1 a1 S Fadt 2 |
(D*) v dIfe rfaftran Sifea a1 ursftss arfwfihar 81 Jadl B |
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Chemical Kinetics

3= For the reaction 2A + B —— C with the rate law % = k [A]* [B]! and started with A and B in

stoichiometric proportion. Which is/are true?
(B*) [Al, [B] and [C] all will be linear functions of time

(A*) unit of k is Ms™
(C*) [C] = 2kt

SRR 2A + B C & farw, av %

(D) [C] =kt
Cl
t

AT IR a1 S 8 @ ) o 9 §
(B*) [A], [B] T2 [C] @ I¥F & 1Y YW HAq 8 |

(A*) k B $BTE Ms1 |

(C* [C] = 2kt (D) [C] = kt
Sol. 2A + B —> C
t=0 2a a 0
t=t 2a — 2X a—x X
dC] _

—= =k@(@a-x)(@a-x) =2k

dt
= jd[c] = j kdt
= [C]=2kt

unit of k = Ms™? (k@ SHTS = Ms™?)
[A] =2 (a—x) and T [C] = X

[B] = (a —X).

= k [A]* [B]! T2 HAHIGROTAR FHgud § A Je1 B &

4 Decomposition of 3 A(g) — 2 B(g) + 2C(g) follows first order kinetics. Initially only A is present in the
container. Pressure developed after 20 min. and infinite time are 3.5 and 4 atm respectively. Which of

the following is true.

3A(g) —> 2 B(g) + 2C(g) BT faisi= wem Bife Ty &1 qrer Bxell 8 | IR™ | bt A U § SuRerd € |

20 fiie qo1 3= 9HY @ Ul SO 19 Ak 3.5ddd ame | e H | wE & —

(A*) tsow = 20 min (B*) t7se = 40 min (C) toos = 64/3 min (D*) ts7.5% = 60 min
Sol. 3A(d — 2B(g + 2C(g)
t=0 Po
t=20 Po-—Xx P~ 2X
3 3
t= o0 25 2y
3 3
= ﬂ =4
3
Po = 3 atm.
Po + g =35 —  teow = 20 is the half life. (20 o1& 3Ty ¥)
x=1.5 t7506 = 2 X 20 = 40 min.
tg7.50 = 3 X ts0% = 3 x 20 = 60 min
2 2 400
toowe = — X tog.o% = — X 10 X tsgep = ——
3 3 3
5. In the following gaseous phase first order reaction, A(g) — 2B(g) + C(g)

initial pressure was found to be 400 mm and it changed to 1000 mm after 20 min. Then :

(A*) Half life for A is 10 min
(C*) Partial pressure of C at 30 min is 350 mm

(B*) Rate constant is 0.0693 min™!
(D*) Total pressure after 30 min is 1100 mm

AN Resonance”’
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Chemical Kinetics

Sol.

Sol.

1 I”"fg e @ife &)

ifafesar § A(g) — 2B(g) + C(9)

URME T 400 mm 21 T2 I8 20 fAse gearq 1000 mm 3 uRRafdd & oman & @@ ¢
e 21 (B*) a1 frdis 0.0693 e R |

(A¥) A BT IgAgHTA 10

(C*) 30 fiFie R C &7 21if¥r® <19 350 mm & |

A(g) — 2B(9) + C(9)

t=0 400
t=20min 400-p

0 0
2p p

Given 400-p + 2p +p=1000
400 + 2p = 1000

p=300mm =140 _1,, , k:'”_z
20 400-300 20 10
T12=10min ; Value of k = 0.0693 min~
400 200 100 50
10 min 10 min 10 min

(D*) 30 fAve u¥aTq e &9 1100 mm % |

After 30 min Partial Pressure of A is 50 mm, After 30 min Partial Pressure of B is 700 mm
After 30 min Partial Pressure of C is 350 mm , After 30 min total pressure become 1100 mm
A(g) — 2B(9) + C(9)

0 400
2

t
t=20min 400-p

0 0
2p p

faar @ 400-—p +2p + p = 1000

400 + 2p = 1000
p =300 mm ;

Ty2=10min
400 200

1 400 1 In2

k=— In —— = In4 ;o k=

20 400-300 20 10
k @I |19 = 0.0693 min?
100 50

‘ 10 min \ 10 min \ 10 min \

30 fiie uwarq A & 31iffe g9 50 mm e, 30 ¥ uwdrg B &1 fif¥d &9 700 mm &
30 fie yearq C @1 <1if¥d g™ 350 mm &, 30 e 9garq ¢ <19 1100 mm &1 S« 2

For a second order reaction plots are made for ﬁvs time for the reaction, 2A —— Product. Pick up

the correct sentences. [k = Rate constant of A]
(A*) the graph will show straight line with slope k

(B) the graph will show s

traight line with intercept [A]o

(C) the graph will show straight line with slope [A]o

(D*) the graph will show

straight line with intercept

1
[Als

WTzAHem,@mumaﬁammzﬁmﬁvsw,zsma:rrana,a@amw

BIfed: [k = Rate constant of A]
Al 3@ <9I (B) IR, WU [Alod AT AL Y@ TR |

(C) 3R, T [Alo® A1 el 3T TRIRM | (D*) IR, 3 TS [A1] @ A1 A Y@ g |

(A*) IR, Tl k & AT

0
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Chemical Kinetics
Sol. 2A —— Product(3t1g)

B
(Al [Al
Slope (eTd1) = k ’
Intercept (3q:WTE) = Al
1 _1 +kt
(Al [A]
7. Taking the reaction, A + 2B —— Products, to be of second order, which of the following is/are the

correct rate law expressi

on(s) ?

o fgda »ife & afifpar A + 2B—— Sare, @ fog 9 & 9 98 <R fow @ivie /8 ?

o X 2
(A%) E_k[A]

dx 2 * %_
(B) 5 =MAIB] (€ 5 = WAIE] o)

Ans. For second order reactions, order is 2.

fedg @ife srfdifear & @ife 2 8l 2

dx
a = kl[A] + kz [B]2

8.a For the reaction CH4 + Bro—— CHzsBr + HBr the experimental data require the following rate equation :

d
— [CH3Br] =
dt[ 3Br]

k,[CH,][Br,]

~ 1+k,[HBr]/[Br,]

Which of the following is/are true regarding this ?
(A) The reaction is a single step reaction
(B*) The reaction is 2nd order in the initial stages {[HBr] ~ 0}

(C*) The reaction is 2nd

order in the final stages {[Brz] ~ 0}

(D) The molecularity of the reaction is two

AT CHa + Bro—— CH3Br + HBr & UIfIe w0 ¥ 3ifds, 1 a% FHIdRor &1 9reie axd 2 |

d
— [CH3Br] =
g [CHeB1

k,[CH,][Br,]

~ 1+k,[HBr]/[Br,]

s o 3991 & 9 9/ P BUF 9d 2|

(A) fafshar e ug ifdfesar |

(B*) IR 3ra=er {[HBr] ~ 0} & sifafshar fgda @ife &1 2|
(C*) 3rf<aw 3raRen {[Brz] ~ 0} # 31faferan fgcfa +ife o 21

(D) TAfhaT B AUHEI

& BIfe 22|

9.»  Which of the following statements about the arrhenius equation are correct ?
(A*) The pre exponential factor become equal to the rate constant of the reaction at temperature T — «©
(B*) When the activation energy of the reaction — zero, the rate becomes independent of temperature.
(C*) The term e ='® represents the fractions of the molecules having energy is excess of the threshold

value.

(D) On raising temperature , rate constant of the reaction of greater activation energy increases less
rapidly than that of the reaction of smaller activation energy.

IR FHHR0T & Fed § F 9 § 9 B9 HUF F8! 87

(A AT T - o0 W, FE—AREdID] i, Affshar & o9 Hadie & a-1eR 81 ol © |

(B*) 519 S1fAfshar @ |fshaor Hoil — I & a1 AMWfhan &1 &% qUAE ¥ w@ad 8l © |

(CHUg e ™™, UH JAUE & Y9I Bl ST & foTd! SHoll agell SHoll H AfdH SRl B |

(D) A H ghg PRA W, S ALHIVT Foll arell AMHAT & /R Faie d gy, 9 Albaor Fol

arell Affhar & 971/aR i &1 o 9 HH digal I Bl © |

Ans. K= Ae BRT A=k

To o Ea=0
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Chemical Kinetics ﬂ_

10. A large increase in the rate of a reaction for a rise in temperature is due to
(A*) increase in the number of collisions (B*) the increase in the number of activated molecules
(C) The shortening of mean free path (D) the lowering of activation energy
A g™ WR AIMAfH & &R F e gfg B B, ST HROT R
(A*) TIHR] B T 969 B BRI (B*) |fsha 3TUjali &I F&T 91 & HROT
(C) #1e & Ul § HHI B & PHROT (D) Sfhaor St # & BF & HROT
Sol. By using maxwell's velocity distribution curve the rise in temperature, increases the number of activated

molecules to form the product therefore rate of reaction increases.

A :  Howdd & 99 fAARY 9% & SWIN §RT A H 3G WR AT el § Se & a9 W gfg B 8 o

ffspar & <= g 2
x
_ pa—El/RT
Q K = Ae

1T —

11. Which of the following statement are true regarding the log K
vs. /T plot shown in the given diagram ?
(A*) Plot P shows that the energy of activation is independent
of temperature.
(B*) Plot Q describes the behaviour of temperature
dependence of energy of activation.
(C*) Arrhenius behaviour is described by P.

log,,K —»

(D) The slope of curve P gives the value — %

11. fo3 R § yefdid log K 9 /T & He1 3R & ded ¥ o §
I P AT A © ?
(A¥) IR P g@ifal & & |fhan S9if, 9™ & Was el 2 |
(B*) IR Q Wfsha ol &Y A9 R ¥R & =T © |

log, ;K —>

P
. K = Ae—Ea/RT

o 1T —
(C*) P §RT JMET9 AR & ARAT HI Sl & |
(D) Ts6 P &1 aIe —%?ﬁfﬂﬁé?ﬂ%‘l
Sol. UseK= AeEa/RT
and Ink = InA — E
R
E
2.303 log K=2.303 log A — ﬁa
E 1
log K=1log A — a__—
g B 2303RT
12. Rate constant k varies with temperature by equation , log k(min™) =5 — %. We can conclude :
(A) pre-exponential factor Ais 5 (B) Eais 2000 k cal
(C*) pre-exponential factor A is 10° (D*) Eais 9.212 k cal
Iogk(min—l):S—%WWma?ﬁﬂﬂi’cﬁ ka9 & |l gRkafdd g g d 84 sy ara dad
2
(A) TR @Tdia! oTid A, 57 | (B) Ea, 2000 k cal & |
(C*) Yd—=R =rdia! olids A, 10°% | (D*) Ea, 9.212 k cal B |
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Chemical Kinetics

. . 2000
Sol. C Given, logk (min)=5- ——
© gk (min) =5 - o8
Compare this with
logk=Ilog A- __E
2.303RT(K)
we find A=1x10°
E
(D) - —=2_=-2000 = Ea=9.212 k cal.
2.303R
Sol. (C) fEmwm?,  logk (minl)=5— %

I FHIHRT BT o1 77 | A W

logK=logA - —2——
2.303RT(k)
B9 U BT 8, A=1x10°
E
(D) - & =-2000 = Ea=9.212 k cal.
2.303R
13. Activation energy of a chemical reaction can be determined by :

(A) evaluating rate constant at standard temperature

(B*) evaluating velocities of

reaction at two different temperatures

(C*) evaluating rate constant at two different temperatures

(D) changing concentration of reactants

I srfifshar @ afspaor Soil &1 iR fear S Hodar 8

(A) 996 AYAM R &R A B T0ET §RT

(B*) &1 =1 aroeHl oR Afdfhar @1 Ifd & 7o gRa

(C* <1 =1 AUl OR &R el @ TOET §RT
(D) 3T ®BRS B ATaa I gRafidd &

Sol.  We know (84 ST &)

_ 2.303RTT,

A
(Tz " T1)

(i
I(1

14»  Select the correct statements :
(A*) the molecularity of an elementary reaction indicates how many reactant molecules take part in the

step.

(B*) the rate law of an elementary reaction can be predicted by simply seeing the stoichiometry of

reaction.

(C* the slowest elementary step in sequence of the reactions governs the overall rate of formation of

product.

(D*) a rate law is often derived from a proposed mechanism by imposing the steady state
approximation or assuming that there is a pre-equilibrium.

HE AT BT A DY ?

(A¥) U& UTHiUe SffAfhar &1 sfoadmar gedl & & fWfdhar ug 3 fdhaw fhareRe o1v] 91 o & |

(B*) Udh UTefud rfafshar &1 &= M, ifdfhar &) ;e iaxvififi & s 91 9 9ardn ol 96l 2 |
(C*) fAfhaT TIfdy & Hdg TSl H 999 €19 US | I S 99 DI IR0l &% MEiRd B8Rl © |

(DY R A &1 Yoo+ w=gd @ T b A Rer sm@ven |fdcal o 3R@T AMIG I8 @
AregaRel ¥ 8, gRI a1 i € |

Sol. By definition. (IRHTYT gR)
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Chemical Kinetics ﬂ_

15.  If the rate of reaction, 2S02(g) + O2(g) — > 2S0s(g) is given by :
[SO,]
[803]1/2

which statements are correct :

(A) The overall order of reaction is —1/2

(B*) The overall order of reaction is +1/2

(C*) The reaction slows down as the product SOs is build up

(D) The rate of reaction does not depend upon concentration of SO3s formed

Ife afdfean, 2S02(g) + 02(g) —Ps 2S0s(g) B oy arfifhar & <= =1 @oid gRT & o ®
_ . [SO,]
=K
[503]1/2
PITH HAT T B
(A) fifrar & Tl dife —1/2 7 |
(B*) arfaferar & wwgef dife +1/2 7 |
(C*) SIS SOs & g9+ & 1Y & Afwfehar i 81 Sl 2 |
(D) rfafshar &1 &%, 999 a1l SOz 1 Aiwal W 1R & B=all 2|

Sol. Over all order of Rxn = (1 — %) = % as SOs for Rate of Rxn slow down.

Rate = K

Sol. agaarma)—ma%aaﬁ:@_%j:+%a@%sosaﬁmma%a—\rsﬁvﬂgm%|

16.= Rate of radioactive disintegration (—dN/dt) is also known as :

(A*) Activity (B*) Radioactivity (C) Half-life period (D) Average life period

fearafrg faaes o &= (-dN/dt) &1 799 | W ST ST 28—

(A% afpaar  (B*) fearafbaar (C) SE—amg T (D) T—T DT
Sol. Rate of radioactive disintegration (—dN/dt) is also known as Activity or Radioactivity.

g aNafhy fged & & (—dN/dt) B Afhaar a1 fearfsadar W w1 o © |

PART - IV : COMPREHENSION
HET - IV : W] (COMPREHENSION)

Read the following passage carefully and answer the questions.

1 gt 1 eMYES ufed den UeEl @ SR Qg |

Comprehension # 1

A(9) —> 2B(g) + C(9)
Initially at t = 0 gas A was present along with some amount of gas C. Att = 0 mole fraction of gas C is
1/3. After some time t = t1, total pressure is half of the final total pressure at t = tx (a very long time).
Assume this decomposition is a first order, at a constant temperature. It is also given at t = tx, final total
pressure is 35 bar.

ITWT # 1
A(9) — 2B(9) + C(9)
TREM A t=0F R, I AT CPH §B A1 & A1 SURYT 2| t = 0 9 R, 19 C & Al T4

/32| {B T9Y IR t=t W, FA &6, A~ B I t =t R (A T W) $T 3 2 | AAMD =
™ R A i yem dife @1 3| I8 W &1 1 8 B t =t R, <9 BT 19 359K © |

1w  Att=tipressureof gasBis:

(A*) 2.5 bar (B) 1.25 bar (C) 5.0 bar (D) data is insufficient
t=t1 R, ¥ B &I q9 :
(A%) 2.5 9~ (B) 1.25 IR (C) 5.0 4R (D) 3MHS MU 2 |
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Chemical Kinetics

2x

3=

Rate constant (k) = (log 64 — log 49) s™. Value of t1 in seconds is :

afg 97 fadais (k) = (log 64 —log 49) s™1 ®, 1 t1 BT A1 AHUS H 2 -

(A) 2.15 s (B)15s

Ratio of rate constantatt=0tot=titot =txis:
t=0¥ t=t ¥ t=t W I FRIAIS &7 U ©
(A)2:3:4 B*1:1:1

(C)2.3s

(©)1:3:5

Sol. (1to 3)

Q.1.

Q.2

A(g) — 2B(g) + C(9)
t=0 Po Pc
t=t Po—p 2p Pc+p
t=w0 0 2Po Po + Pc

1
Pc= 3 [Po + Pc]

3 Pc=Po+ Pc
2Pc = Po
PC:P_O
2
Pr =Po—-p+2p+Pc+p
=Po+Pc+2p
P = 2Po + Po + Pc
= 3Po + Pc

Pr = % P (given)
1
Po+ Pc+2p= > [BPo + Pc]

ﬁ+2p:£ 3P0+5

2 2 2
ﬁ+2p: lx}x?P
2 2 2

0

7 3P
2p= —p. - —9
p 0T

2p =

~|0H

P=

|0

P = 3Po + Pc = 35

=3Po+ 22 =35 = [0 =35
2 2

Po =10 bar

64 _ 2.303 10
log — = log
49 t, 10-1.125

t1 = 1.15 sec.

(D¥) 1.15 s

(D)1:3:5
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Chemical Kinetics

Q.3.

Rate constant depends only on temperature. (X fIdi® ®de dg R ¥R FRar 8 )

1:1:1

Comprehension # 2

Set-l (Without catalyst )

Reaction Temperature | E (activation) k
A—>B T1K Ea: k1
A—B T2K Eaz k2

Set-Il (With catalyst)
(Consider catalyst being positive only)

Reaction Temperature | E (activation) k
A—>B TiK Eas ks
A—B T2K Eas ka

ITHT # 2

4,
5.
6.

e (SBRS 31 guikerfa #)
afaferar | amoses | E (|fseaon) | k
A—>B T:K | Eas K1
A->B | TXK |Ea k2

E-1l (SOR® o1 SuRefa #)

(@de YT SSRP oIl 8)
fafsear | qmoses | E (|fseaon) | k
A—>B T:K Eas ks
A—>B T2K Ea, k4

For the (Set-1) :

(A*) if T1 > T2, k1 > ko always

(C) if T1 > T2, k1 < kz (for endothermic reaction) (D) Ea1 # Eaz

(Fe-1) & foIg :

(A%) IfE T1 > T, A1 BRI ki > ko
(B) A T1> T2, A1 ki > ke (Sw1EMT SrfAfhan & forg)
(C) T T1> T2, AT ki < ko (SR srfAfhan & forg)

(D) Ea:1 = Eaz

For the (Set-1) :
(A) Ea1 > Eaz if
(C*) Ea1 = Eaz

T1>T2

(T E-1) & forg -
(A) Ea1 > Ea: IRk T1 > T»

(C*) Eas = Eay

Comparing set-1 and Il :
(A*) ka > k3 & k2 > ka, if T2 > T1 (endothermic)
(C) ka > ks & ka2 > ka, if T2 < T1 (exothermic)
-1 AT B JT FRA W
(A*) ks > ks TIT k2 > k1, IfE T2 > T1 (SSATATH)
(C) ka > k@ kz > ki, AR T2 < Ty (SE1EY)
Sol. (4 to 6)
Greater is the temperature greater is the rate constant.

Activation energy is independent on temperature.

(B) if T1 > T2, k1 > k2 (for exothermic reaction)

(B) Ea1 < Eazif T1 > T2
(D) Ea1 = 0.5 Eaz

(B) Ea1 < Eax IR T1>T>
(D) Ea1 = 0.5 Eaz

At higher temperature value of k’ is more.

(B) ka < k3 & k2 > kau, if T2 < T1 (endothermic)
(D) ka < ks & ka2 < ky, if T2 > T1 (exothermic)

(B) ka < ks @AT k2 > k1, I T2 < Ty (SATINN)
(D) ka < ks @I k2 < ky, AT T2 > Ty (SETIETY)
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Chemical Kinetics ﬂ_
Bl (49 6)

4. AN AP BH W X udie 3ifde Bar 8 |

5. afspgor ot dg w® R =2 e €

6. J=a A9 W K BT 7149 I 8l © |

Comprehension # 3
Competing first-order reactions :
Frequently a species can react in different ways to give a variety of products. For example, toluene can
be nitrated at the ortho, meta, or para positions, We shall consider the simplest case, that of two
competing irreversible first-order reactions :

A_Kcanda K p

where the stoichiometric coefficients are taken as unity for simplicity. The rate law is

(%j = — ki[A] = k2o[A] == (k1 + k2) [A] = [A] = [AJoe )t |

For C, we have (%j = ka[A] = ki[AJoe ®™) | Multiplication by dt and integration from time 0

k. [A
(where [C]o = 0) to an arbitary time t gives [C] = @(1— e~ (kutkao)ty
k; +k,
k,[A
Similarly, integration of dio] gives [D] A = (1- e_(k1+k2)t)
dt ki +k,
The sum of the rate constants ki + k2 appears in the exponentials for both [C] and [D].
At any time we also have Ic] = ﬁ
D] Kk,
IATHE # 3
v SIS oyl afAfpang

U T goifa fafi = geR A fran R fIf=T ueR & SR ol © SR & o ergEa @1 anef; #er
den W1 Rerfdi ® Tfegd fear o1 9@ar 8 89 |99 e uRRYIfA &1 sEdies a3 ot f
gferl oM dIfe sgapAvia sifafearg 2 -

AKX, cara_K ,p

T At & forg TaAHaRvIA qoie va form T B |

(%) = — ka[A] — k2[A] =— (k1 + k2) [A] — [A] = [Aloe o

C® foq &4 (%} = ka[A] = ki[Alo e ! B dt & IO FR AR Y I H FHI t Th FHAGAT B

TR (STEl [Clo = 0) 71 wrwT 8ram & [C] = M(l— e—(k1+kz)t)

k, +k,
) TBR (@j &1 e a7 R [D] = <28l (3 | o arkaty oy 3
dt ky +k,
Tl [C] @R [D] & forw =Remdiat § o7 fFradie ko + ke &1 I 9T &I ®
el 999 ) B € _k
D]  k,
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Chemical Kinetics

10.

K, »2B
/
Timac

2

A

starting initially with only A Which of the following is correct at time t

K:_»2B
A/ UR™ ¥ B A IUR B, I8 AMJ gY 9a1sy 6 999 1R A § § pie w8 2|

Tkwac

(A) 1Alo = A} (B + [Cl
(©) A=A+ Eh +

5

[cl,

(B) [Alo = [A]: + 2[B]; + 3[C]:

- (@Ww%Wwawh

X\k?Az starting with only "X, ratio —[Y]Ei]t[z]l
(A) Independent of time B9 kt1

(e" -1
(C) Depends upon initial concentration of X (D) [Alo (€% -1)

Ki_»Y

X<:k22 Bad X' ¥ YR IR gY AU —[Y]f)i]t[Z]t
(A) T7g R R T8 o= @ B9 (ektl_l)
(C) X ® IR Arsdl W iR @R 2 (D) [Alo (€% ~1)

At high temperature acetic acid decomposes into CO2 & CH4 and simultaneously into CH2CO (ketene)

and H20
_aa-l
()  CHaCOOH —X=%5", CH,+ CO;
ky=4s7t

(i) CH3COOH —2—— CH2CO + H20
What is the fraction of acetic acid reacting as per reaction (i) ?

(A) % (B*) % © ; (D) none of these

I A9 W THIfCH 3 &I CO,d CHs H AT Brel ® &R A1 & CHLCO (HIEH) &R H.0 # fage
BT 7 |

0 CHsCOOH —X=35" | cH, + CO»

|
(i)  CHsCOOH —X2=%5"  CH,CO + H20

Ffafra (i) & R Tiified o o1 fhae W aifdrga BIa 2 |
&) 2 © 2 (D) 5 % B¢

3
A 5

3B
For A

7

k, *4C
(A*) Independent of time
(C) Depends upon initial

starting with pure A ratio of rate of production of B to C is

(B) Independent of temperature
concentration of A (D) Independent of mechanism of reaction
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Chemical Kinetics ﬂ_

K._+3B
/

A T fo’l g A9 UR™ &_d Y B3 C & AT &1 &R &1 319U ¢ |
Thac

2

(A%) I R R T8 Frar ® (B) a4 R faik =g ?
(C) A & URMNF Arsel W AR Frar 2 (D) fafspar & fbar fafy w® fik == 2
Sol. (7 to 10)

BT
%m

3y

7. A

t=0 a
t=t a—x-—-y

(Ao = A+ o+ B

= 2X 3y
a=a-X-y+ —_—+ =
2 3
a[EE
N Y
X e
8.
™,
[X]I —- ae—(k1+k2)l
[Y]( + [Z]1 ki [1— e*(kﬁkz )t] + & [1_ e*(kﬁkz)t]
k, +K, (k, +k,)
= aei(k1+k2 . A e’(k1+k2 )t
[1- e‘k“k”‘l{'wkza} 1_g
k, +k,
1 1
= [e® Tt _q] = [ —1] [where k = ki1 + k]
. Ny . k
0. Fraction of acetic acid reacting (fham@Rl THifc® 3Fd &1 U9NT) = —2— = 3 _3

[B], _ 3k

= —= which depends only on temperature not on time.
[Cl, 4k,

(S dae 19 9R iR HRar & g9 W TE)
Comprehension # 4

Answer Q.11, Q.12 and Q.13 by appropriately matching the information given in the three
columns of the following table.

Columns 1, 2 and 3 contain the Order of the reaction, value of K and half-life respectively.
Column-1 Column-2 Column-3

. 1 1 1 1
1) First order reaction k== | ———-— P) Half life oc —
() | | () 2t I:(a_x)g az] ( ) a2

. 1 1 1
(I1) Second order reaction | (ii) k= n { ——}

L1
P (Q) Half lfe oc —

(111 Third order reaction (i k=

:—v-|><

(R) Half life is doubled on doubling the
initial concentration
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Chemical Kinetics

/\n

ITHT # 4

11._

12,

13,

\
-
J

. | a (S) 50% reaction takes same time even
(IV) Zero order reaction (V) k= Yloge (a - xj if concentration is halved or doubled.
R @ R 29 & N Bicwl § SUE G b1 SUGR T W/ G HX IE Q.11, Q.123MR Q.13
I AR |
DA 1, 2 TAT 37 3ifafhar & dIfe IURYT B, K BT A T g Y HA: B |
PicH-1 PicH-2 PicH-3
() ver B sl | (k= = |—2— — 1| | (P)org oy 0t
2t (a_x)z a2 a2

) 1[ 1 1 1
(1) fea @ s | (k= L_x—g} (@ o o o

X (R) 31 Mg URMIS ATscll G dd W
(DESREEISIRIER (m)k_T T 2 o 2 |

(IV) I ife arfafsan

(iv) k = 3|oge( 2 )
t a—Xx

(S) 50% 3fAfhaT T T ol & Ty afe
A5l d el A1 YA fam St B

The correct combination for reaction A
(B) (V) (iv) (S)

2x10~2 min~"

arfaferar A
(A) (I (i) (Q)

2x10~2 min~"

Bis:

(€9 () (iv) (S)

The incorrect combination among the following is :

1 J TTed FaeE @
(A%) (1) (iii) (S)

(B) (1N (i) (Q)

(C) () () (P)

For an elementary reaction 2A —— B, correct combination is :

TP Urefud AfAfhar 2A—— B & forg, 98 |aieH &

(A) (1) (v) (Q)

(B) (1) (v) (S)

(C*) (I (i) (Q)

(D) () (i) (R)

(D) (V) i) (R)

(D) () (i) (R)

* Marked Questions may have more than one correct option.

* Ryfeed U o @ I I AP Ty B -

PART - |1 : JEE (ADVANCED) / IIT-JEE PROBLEMS (PREVIOUS YEARYS)

I - | : JEE (ADVANCED) / IT-JEE (&<l aul) & we=

1w

Sol.

The rate constant for the reaction,2N20s — 4NO2+ Oz, is 3 x10°s™. If the rate is 2.4 x 10~ mol L™
s71, then the concentration of N2Os (in mol L™2) is :

FfAHAT, 2N205 —— 4ANO2 + O % foIv % s 3 x 10°s1e| IR R 2.4 x 105 A et JLaEr o
N2Os &1 A=l (AT ol L #H) 91 7

(A) 1.4
r=KI[A] N

238

(B) 1.2

o, U is radioactive and it emits . and B particles to form

particles emitted in this conversion. An ore of 2

(C) 0.04
24 x10° =3 x10"° x [A] =

206

U is found to contain

[A]=0.8 M

[JEE-2000(S), 1/35]

[JEE-2000(S), 1/35]
(D% 0.8

a2 Pb. Calculate the number of o and f
2¥U and 2°Pb in the weight

ratio of 1 : 0.9 the half life period of 2°U is 4.5 x 10° years. Calculate the age of the ore. [JEE-2000(M)]

/\
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Chemical Kinetics

92

IARTd o g B HON B HA aRdferd SIRTY 1 2°U &1 Te 3 § 22°U 4

g9 20U &1 35 aMg BT 4.5x 10° 9¥ B | 3D DI Y URBferd B |

92

Ans. t=4.62x 10°years.

Sol. U 2P +8g +
n, +n
At =/n (u]
nU
g ZPU s 2ph + 8o+

At = /n (MJ
nU

92

206
82

/\g

28w A AfFT T@ T TA TE o T B FON B I@RIT IR 2PPb I | TH SrRRUREd H

Pb,1:0.9 9R gurd ¥
[JEE-2000(M)]

6.
2:303x1092xt _ 5 303 x log| 1+ ™ | = 2.308 x log [1+—0'9 - 238)
45x10 Ny 1x 206
= t=4.62 x 10° years.
6.
2:303x1092x1 _ 5 303 x log| 1+ ™ | = 2.308 x log [1+—0'9 - 238)
45x10 Ny 1x 206

= t=4.62 x 10° 9%

3= A hydrogenation reaction is carried out at 500 K. If the same reaction is carried out in the presence of a
catalyst at the same rate, the temperature required is 400 K. Calculate the activation energy of the
reaction if the catalyst lowers the activation barrier by 20 kJ mol2.

TP BIeSIoHIeRY AT 500 K )R I7— 8t 2 | afe 9= aifdfhar 99 a1 & SoRe & SuRefy &
U~ PRTs OU, d MGG dg 400 K 2 | IS SRS Afhaor /a1y &l 20 kJ mol &9 &< <dl B |

rfafsran & Afsaor St
Ans. Ea =100 KJ/mol
Sol.  According to arrhenius e

[JEE-2000(M), 3/100]

P O BT |

quation K = Ae5/RT

Let Ea of the reaction in absence of catalyst = x kJ mol™
Therefore Ex of the reaction in presence of catalyst = x — 20 kJ mol=
The Arrhenius equations in the two conditions can thus be written as

_x _ x=20
K= Ae Rx500 () K= Ae Rx400 ...(i)
Dividing equation (i) by (ii), we get
X _x=20
—@50R = g ©° X _x-20 or X =100 kJ mol*
500 400

A ARSI FHIBRT B JEAR K= Ae =R
AT ISRS B Ui # ifAfHan &1 Ea = x kI mol?
saferd IBRS &1 SR # AMfhaT &1 Ea = x — 20 kd mol ™
a1 gRRefaal # snféfraa diexer 1 TaR forg dad 2 |

X

K= Ae Rx500

x-20

() K = Ae Re40 ..(i)

JHIBROT (i) DI (ji) ERT 9FT @9 WR

x-20

_e500R = e400R X

500

= x=20 7 X = 100 kJ mol?

400

[JEE-2000(M), 3/100]

4, If T is 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
FfE T JEaefyd ydbrer @ dadr 9 AB @ drsar 'C' g d 9 uerRNEe uwH AB + hv —» AB*,

# AB* & IdET Pl <

[JEE-2001(S), 1/35]

fpee wrgurh B8Rl ?

[JEE-2001(S), 1/35]

(A)C (BY I (C) 12 (D) Ca
Sol. Rate of formation of AB will depend upon intensity of absorbed light and it will directly proportional to
intensity

AB & T B TR AGLNNT FbrRT Bl Agar iR R Sl iR e & gargum s |
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Chemical Kinetics ﬂ_

5. The rate of a first order reaction is 0.04 mole litre™ s at 10 minutes and 0.03 mol litre™* s at 20
minutes after initiation. Find the half life of the reaction. [JEE-2001(M), 5/100]
AT UR™ B & U Ud UM difc d AfWfar @ v 10 fFe W 0.04 mole litre™! s derm 20
fie W 0.03 mol litre™ s 2 | AfAfHaT 1 o1 oMy S BT | [JEE-2001(M), 5/100]

Ans.  tiz =24 min.

Sol. r: = Kic1 and rz = KzC2
Since rate of first order reaction is directly proportional to the concentration of its reactant, r «« Conc

no_c¢ _004
r, ¢, 0.03
According to first order reaction
K= 2303 | C
20 t10 C,

On substituting the various values
K = 0.0287 min !

_ 0.693 _ 0.693
K 00287
B r: = KiC1 A1 r2 = KaC2

Safs g dIfe Affhan o R 59 HIHRS B A=l & Y FATGURIT BIdT 8— r oc Conc.

12 = 24.14 min.

r c, _ 0.04

roc, 003
YoM BIfS Affhal & AR

Ko 2303 c

K = 0.0287 min ~*
0.693 _ 0.693

= = 24.14 min.
K 0.0287

tiz =

6. Consider the chemical reaction,
N2(g) + 3H2(g) —— 2NHs(g)

The rate of this reaction can be expressed in terms of time derivatives of conc. of N2(g) , Hz(g) or
NH3(g). Identify the correct relationship amongst rate expressions : [JEE-2002(S), 3/90]

(A9 Rate = ANl __1dH]_LdINH] oo AN odiH]_, dINH]
dt 3 dt 2 dt dt dt dt
() Rate = 421 __1dH,] _ 1dINH,] (©) Rate = ANl __dIH;] _ dINH]

dt 3 dt 2 dt dt dt dt
AT I3 NS ifRfhar 9 ' —
N2(g) + 3H2(g) —— 2NHs(g)
39 IfAfhaT @1 &R B foTg Na(g), Hz2(g) I1 NHs(g) @ Irsal &1 979 & Uai H Afgad fear a1 g | o

R TIAPG P oIy DIAT FE HaY B - [JEE-2002(S), 3/90]
(v ag = O] __1dlHa] _ 1dINA] (@) ax = AN] __gdiH] _ diNH,]
dt 3 dt 2 dt dt dt dt
©) w = diN,] _ _1d[H,]_1d[NH,] (D) = = CdIN, ] dH,] dd[NHrs]
dt 3 dt 2 dt dt dt dt
Sol. For a chemical reaction,

N2(g) + 3H2(g) —— 2NHz3(g)
Concentration of N2 and H: are decreased so negative sign is represented in expression, while
concentration of NHs is increased. So +ve. sign is represented in expression. Also, from stoichiometry it
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Chemical Kinetics ﬂ_

can be said that the time during which 1 mole of Nz will be consumed in the same time 3 moles of Hz is
consumed and 2 moles of NHs is formed.
Sol. MG rfwfhaT,
N2(g) + 3H2(g) —— 2NHs(g)
N2 92T Hp @1 grsar 'l safery asie # FoncAd g o Sidfd NHs &1 drsdl 97 sy ad
H g fog BT A IHAHIGRUI ¥ B9 U8 B8 9dhd © fob ol X § 1 At Nz I BT Sa
AR A 3HA Hy @ BT TT 2 Al NH3 I |

7. 64Cu (half life = 12.8 hours) decays by B~ emission(38%), p* emission(19%) and electron capture(43%).
Write the decay products and calculate partial half lives for each of the decay processes.
[JEE-2002(M), 5/60]
4Cu (T Mg = 12.8 TUC) BT B~ IO (38%), B IcAG (19%) T FoIaS TBUT (43%) ERT & Bl
g, O & (@9 Faaie) S SV a1 IAS &9 UHH & oy 3Mifid 3fg g &1 o1 B |
[JEE-2002(M), 5/60]

Ans.  (tuz)1 = 33.68 hr, (tuz)2 = 67.37 hr, (tu2)s = 29.77 hr™.

Sol.  20Cu® shows following emissions.
(i) 20CU* ——— 30Zn® + _1e° (B-particle)  (B-emission)
(ii) 20CU* ——— 28Ni®* + . 1e° (B*-particle) (B*-emission)
(i) 20CU%* + _180 ——— 2gNi® (electron capture)

Half life period of 20Cu®* is 12.8 hrs, therefore its decay constant (L) = % = 0.0541 hr.

Thus A=A1+Az2+is ... Q)

where A1 first decay constant of 20Cu®*, A2 : second decay constant of 20Cu®,
Az : third decay constant of 20Cu®.

From given data

My =59 - 2 and Ay = E
A, 19 Ay 38
or A3 =1.315 M\ and A2 =0.5 A1 .

Thus in equation no (1).
0.0541 =A1+0.5A1 +1.315 A1 .
0.0541 = 2.815 A1.

M= 3. 0.0192 hr.
38

;:—1 =2. =X =05x%x211=05x%0.0192s hr!* = 0.0096 hr.

2

and A3 = 1.315 A1 = 1.315 x 0.0192 hr* =0.02525 hr.
Hence, half lives of this emissions are calculated as following

0.693 0.693 0.693 _ 0.693

(tw)1 = = =33.68 hrt. ; (twe)2 = = =67.37 hr2.
Ay 0.0192 A, 0.0096

(tu2)s = 0.693 _ 0693 =29.77 hr . Ans.
A,  0.02525

Sol.  2Cu® famforRaa SwasH qwifar @

(i) 20CU%* —— 30Zn% + _1e° (B-0T) (B~-So)

(ii) 20CU%* — 28Ni® + _1e° (B*-H0T) (B*-STSi)

(iii) 20CUS + _180 —— 2Ni®*  (eTag= UWEv)

20CU%* BT 31F IR BT 12.8 hrs 2, SHY ST & FRaaid (\) = % =0.0541 hr-.

31 A=M+ia+drs L Q)
SIEl A1 20CUB* BT UH & RIATD |, A2 : 20CUb* &1 fgcdiia e foadis

® 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
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN: UB0302RJ2007PLC024029



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

Chemical Kinetics
A3 20CUS* BT Q’rﬁ'ﬂ g fFadie
o W 3ffpsi & MR W

h = ﬁ =2 dJan }\'_3 = _3
A, 19 A, 38
A3=1315A1 QM h2=0.5M1

Tt AHIHRYT F&T (1) |
0.0541 = A1 +05M +1.315 A1 .
0.0541 = 2.815 A1

1= 0.0541 _ 0.0192 hr.
2.815

Mo

= 2A2=0.5x211=0.5%0.0192s hr* = 0.0096 hr.

2

T A3 = 1.315 A1 = 1.315 x 0.0192 hr* = 0.02525 hr ™.
3T 39 SO DI g AR BN AT FTFAR B0
0.693 _ 0.693

(twz)r = = =33.68 hr.
Ay 0.0192
(t2)2 = BlEee _ 0895 67.37 hr.
A, 0.0096
(twz)s = Glbd  _BIED 29.77 hr. Ans.
Aq 0.02525
8. In the biologically-catalysed oxidation of ethanol, the concentration of ethanol decreases in a first order

reaction from 800 mol dm~3to 50 mol dm=2in 2 x10* s. The rate constant (s™) of the reaction is :

[JEE-2003(S), 3/84]
I & Wd—SIRT IffRfiaxvr #, o i & fdfsar # vt & Arsar 800 mol dm= & 50
moldm=3 & 2 x10* s §9g # "edl ® | fAfehar &1 971 Rerie s18 : [JEE-2003(S), 3/84]
(A) 3.45 x 10° (B*) 1.38 x 10 (C) 1.00 x 10~ (D) 5.00 x 105

Sol. For Ist order Rxn
[A] = [Aq] (%) n — No. of Half life.
50 = 800 (Ej
2
n=4.
4
Then, Half life = 25U 5 x 102 sec.
Then, K= 0'6933 =1.38 x 10 sec™.
5x10
g T Bt fafra @ for
[A] = [Ad] N — 3G IMYHTA DI T
50 = 800
n=4.
T4, G = =5 x 10° sec.
9, K= &%3 =1.38 x 10 sec™.
5x10
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Chemical Kinetics

9.w Given X —— product (Taking 1% order reaction)
conc 0.01 0.0025
(mol/lit)
time (min) O 40
Initial rate of reaction is in mol /¢/min. [JEE-2004(S), 3/84]
feam g, X —— SR (Yo BIfe 3 fafean A go)
NIEGI 0.01 0.0025
(mol/lit)
¥7a (fFe) 0 40
fAforar @ URM® <X mol /¢/min § 8 | [JEE-2004(S), 3/84]
(A*¥) 3.43 x 10 (B) 1.73 x 10™* (C) 3.43 x 1075 (D) 1.73 x 105
Sol.  Since 0.01 M of X changes to 0.0025 M in 40 minutes, tiz of reaction = 40/2 = 20 minutes Rate of
reaction of
r=k[X] = 0.693 X]= 0693 ', 0,01 = 3.47 x 10 M min™.
1/2
FA. 19 0.01 M &1 X 40 ffFe § 0.0025 M # uRafda ar g | sifwfssan &1 tue = 40/2 = 20 rfafsan &t &
r=k[X] = 06938 X]= 0693 ', 0.01 = 3.47 x 10 M min™.
1/2
10. Initial rates, ro, of the A + B — P at different initial concentrations of A and B ([A]o and [B]o) are given

below:

[Alo (mol L)

[Bo (mol LY

ro(mol L7t s

0.1

0.1

0.05

/\g

0.2 0.1 0.10
0.1 0.2 0.05
€) Write the rate equation.
(b) Calculate the rate constant of the reaction. [JEE-2004(M), 2/60]

A+B - P& URMS & ro, AT B &l =1 URfA% Aisarsii ([Alo @ [Blo) R < &1 g8 8—

[Alo (Mol L)

[BJo (mol L)

ro(mol L* s

0.1

0.1

0.05

0.2

0.1

0.10

0.1

0.2

0.05

(a) = gHIexY foIfRay |
(b) 3rfafshar & forg <% ReRi®d @1 70T ST |
Ans. (@) Ro=Kk[Ag], (b) 0.5 sec™.
Sol.  (a) From the rate law expression, Ro = k[Ac]3[Bo]® and from the table it is clear that :
(i) when the concentration of [Ao] is doubled, keeping [Bo] constant (see readings 1 and 2), the rate also
doubles i.e. rate is directly proportional to [Ao] or a = 1.
(i) when the concentration of [Bo] is reduced, keeping [Ao] constant (see readings 1 and 3), the rate
remains constant i.e., rate is independent of [Bo] or b = 0. Thus, rate equation becomes Ro = k[Ao].

0 k= o = 0%
[A,] 010
B! (a) <X 199 &91® A Ro = k[Ad]¥[Bo]° <91 & I8 9% & f&
(i) 519 [Ag] BT A=l [Bo] BT F4d (18R 2 & w4 #H) ST &1 Il 8 &% W1 g1 811 oY &% [Ag] AT a
=1.
(i) 19 [Bo] & AT [Ao] B FA9d T@ax (13IR 3@ I #) &9 @ ol 81 &° fad & 99 [Bo] &
TR Wa | ® AT b = 0. gaferd R FHIHROT BT Ro = k[Ao].

R, =005 _ 0.5 sec™™.

[JEE-2004(M), 2/60]

=0.5sec™.

(b) k=
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Chemical Kinetics ﬂ_
11w For areaction 2X(g) —— 3Y(g) + 2Z(g) the following data is obtained.

. . Px (mm of H
Time (min) (Partial(pressureggf X)
0 800
100 400
200 200
Find order with respect to X, rate constant of the reaction, time taken for 75% completion and find the
total pressure when partial pressure of X, Px = 700 mm of Hg. [JEE-2005(M), 2/60]

afafhar & forw 2X(g) —— 3Y(g) +2Z(g) = st Ry 23—

Px (Hg @1 mm)
i (fe) (X &1 3w IME)
0 800
100 400
200 200
X & F=d H IAfhar & dife da diforg, Affhan &1 &R Fdis, 75% i 89 H & 99T 91 o9
X &1 37if1% &6 Px = 700 mm Hg & A1 el I &1 01 DI | [JEE-2005(M), 2/60]
Sol. 2X(@) —— 3Y(g) + 2Z(g)
t=0 800 — -
t 800 — 2x 3x 2X = (800 + 3x)

from given data in time 100 min the partial pressure of X decreases from 800 to 400 so ty2 100 min.
Also in next 100 min Px decreases from 400 to 200 to again tiz = 100 min. Since half left is
independent of initial concentration so reaction must ISt order with respect to X.

n2

Rate constant K = =6.93 x 10" min~2.

t1/2
Time taken for 75% completion = 2 x ti2 = 200 min.
Now when Px = 700 = 800 — 2x so x = 50 mm of Hg
so total pressure = 800 + 3x = 950 mm of Hg

Sol. 2X(g) —— 3Y(g) + ZZ(g)
t =0 800
800 — 2x 3x 2x = (800 + 3x)

ﬁ@WﬁlOOmlnﬁﬂziﬁwﬁxmmmmwsmﬁ 400 &1 ST & | 39Ttz 100
fafe €, s UPR ol 100 fiMe #, Px ¥<@) 400 § 200 & Sl 8, 31 YH: tye = 100 fide HfH
GG BTl IR AEdl IR A W3 8| 3 XS F<d H AWHar 18I @1 e =12y |

n2

X udie K = =6.93 x 102 min.

1/2
AMfHAT & 75% YOI B9 W foram TRIT 9T = 2 x tyz = 200 min,
319, S Px = 700 = 800 — 2x 4fIY x = 50 mm of Hg
3 T <19 = 800 + 3x = 950 mm of Hg.

Comprehension #

Carbon-14 is used to determine the age of organic material. The procedure is based on the formation
of C by neutron capture in the upper atmosphere.

UN+ g0t —— ¥C+ pt
14C is absorbed by living organisms during photosynthesis. The #C content is constant in living
organism, once the plant or animal dies, the uptake of carbon dioxide by it ceases and the level of *4C
in the dead being, falls due to the decay which C** undergoes

YC—— UN+ B
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Chemical Kinetics ﬂ_

The half life period of “C is 5770 years. The decay constant (L) can be calculated by using the

following formula A = 0.693

1/2
The comparison of the B~ activity of the dead matter with that of the carbon still in circulation enables
measurement of the period of the isolation of the material from the living cycle. The method however,
ceases to be accurate over periods longer than 30,000 years. The proportion of “C to 2C in living
matter is 1 : 102,

DT #

12.

Sol.

13.

Sol.

FET —14, FEAG ygrll B AR T IR S oI Ugad BT B | T8 UHH AqGHUSH H R UBUT g
“C o T W enenRa 7|

YN+ ,nt —— HC+ p'
YHTETIN0] & SR Aoildl gR1 4C @eifia 8ar 8 doial 4, “C @ " fad &d 8| o9 uey a1
S ARA B 09 9D gRI HIe SIRIAFASS & (hrad ®db Sfal g 9 Jd sidi # 4C & ®R g Sl
21 “C o1 e AR G99 B B |

“C—— YN+ B

14CEF[31§31T§W57703N‘%8R}125(X)EﬁK:%ﬁﬁiﬁaﬂWq‘\’Wﬁmﬁaﬂﬂﬁgl

1/2

qa ugref # SuRerd B wfshaar &1 Sifdd usred § SuRerd e Afshadl & ol & I8 ual fear o
HHhal & 6 99 usred fhaw S = uR #x gal 2 sHferg 39 fafd gR1 30,000 avf &+ «1fdd o=
TG P gemiar qde A fBAr S @ g | sifad it # “Ca 12C &1 argu 1: 10128

Which of the following option is correct? [JEE-2006, 5/184]

(A) Rate of exchange of carbon between atmosphere and living is slower than decay of “C.

(B) Carbon dating can be used to find out the age of earth crust and rocks

(C*) Rate of exchange of “C between atmosphere and living organism is so fast that an equilibrium is
set up between the intake of *C by organism and its exponential decay.

(D) Carbon dating can not be used to determine concentration of **C in dead beings.

o1 & 9 i fade 98 B [JEE-2006, 5/184]

(A) IgAYSH T |olldl & A HEA & AT 3 R, “CF &g B o H € Bl B |

(B) wre SfET B1 YuUE! g TEeHIl Bl Y Hd BRI B (oY Ugad HR Abd © |

(C*) grgved 9 |ollal @ 7 “C & g @ «® sa= &g it © &% amamasen, doial gR1 J8v1 14C
UqHq 39d ARUTATD! &F B AL AT 81 Sl 2 |

(D) &= SfET @1 ga Sfial # 1C &) Arsar 91d A & o Tga el B T B |

Rate of exchange of *C between atmosphere and living organism is so fast that an equilibrium is set up
between the intake of **C by organism and its exponential decay.

JAvSd g |oildl & w8 MC & fafs &1 &R gae dig Bl 8 P ArgraRen, deiai §R1 980 YC gad
TS TS T & 7eg 1T 8 7T B |

What should be the age of fossil for meaningful determination of its age? [JEE-2006, 5/184]
(A) 6 years (B*) 6000 years

(C) 60,000 years (D) It can be used to calculate any age

Sirared @t |l oy FuRer & forg sHe g fhae g =y | [JEE-2006, 5/184]
(A) 6 a9 (B*) 6000 a%

(C) 60,000 a9 (D) foll + I &1 91 B & oI BT ITINT B Fhdl ©

Fossil has 6000 year age for the determination of the age of old organism.

YR STIal &1 Y A bR+ H Siiared @ (g 6000 a9 il € |

/\
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Chemical Kinetics

/\g

14. A nuclear explosion has taken place leading to increase in concentration of 4C in nearby areas. “C
concentration is Cz in nearby areas and C: in areas far away. If the age of the fossil is determined to be

T1 and T2 at the places respectively then

[JEE-2006, 5/184]

(A*) The age of the fossil will increase at the place where explosion has taken place and

T1—-Tz2= i In &
L C,
(B) The age of the fossil will decrease at the place where explosion has taken place and
T1—-Tz2= i In &
L C,
(C) The age of fossil will be determined to be same
(D) L_G
T2 C2

e e 89 & BRI T SS9 &3 H 1UC P gl (\@7130) 98 S

Bl ¥ CHEn S & #

T C1 T T 39 &3 9 ¥ C2 2| AR A A & oMy S9 WM W HWET1 9@ T8 @

(A*) SfiaTed @) Mg I I W I1fs Erft W'l fawwie giar 8 qn T1—Tz:%|nc—l

(B) SiaTed &1 Mg S WAF W HH BN ! fawhlc 811 & o Ti— T2 =

1
— In
A
(C) STaTed &I Y TS T B |

(D) L_G
T2 C2

Sol. A= In c

[JEE-2006, 5/184]
C

2

O |PO

)

15. 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
concentration of H fixed, the rate is doubled. The overall order of the reactionis: [JEE-2007, 3/162]

A1 {5 aG + bH — SR TS AfAfhar & | 59 AT § G iR H IF1 ISR 1 Al G R
R AR FT R S A1 gt & | fhg H &1 Irsar ReR 3@ o= % G @ |l g a’ W

JAfAfHAT B &R YA 8RNl © | 9 SAMWA(HAT B FYO BIfS 8—
(A)O (B) 1 (©) 2
Sol. aG + bH —— products
Rate = K[G]*[H)) =
R =K [G]o*[H]eY (Letinitial conc. are [G]o & [H]o)
8R = K[2G]o* [2H]o’ = K2*.2R
S0 2x*y=8 = X+y=3
Sol. aG+bH —— TdIg
WX =KGP*[H) =
R =K[Glo*[H]e (71 {5 uRf™e Arsar [Glo 7 [Ho) © |
8R = K[2G]o* [2H]¢ = K2*.2R
sqfely 2X*y=8 = x+y=3

[JEE-2007, 3/162]
(D" 3

16.%w Under the same reaction conditions, initial concentration of 1.386 mol dm=2 of a substance becomes

. . I . . [k
half in 40 seconds and 20 seconds through first order and zero order kinetics, respectively. Ratio (ij

of the rate constant for first order (ki) and zero order (ko) of the reaction is.

0

[JEE-2008, 3/162]
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Chemical Kinetics

e B A aRRfT 3§t ugred @1 gRfMe | 1.386 mol dm= AR U 1 I DI Bl
U (kinetics) & 40 dave T 20 HHvs # aMeh 81 Ol B | Uo dife & aifafhan & Rerid (ka)

qAqT I DIfC B AffHAT

F 97 ReRi& (ko) HT U (ﬁj =

[JEE-2008, 3/162]

kO
(A*) 0.5 molt dm?® (B) 1.0 mol dm=3 (C) 1.5 mol dm-3 (D) 2.0 mol~t dm?
Sol. For It order reaction For zero order reaction
g @Ife fAfhar & ford I Bife Affha & fo
. C .
ko= 2 2 0893 oo iong ko= ——o = 1:380
t,, 2t,, 2x20
k .
= 1 = @ =0.5.
k, 1.386
17. For a first order reaction A — P, the temperature (T) dependent rate constant (k) was found to follow

the equation log k = — (2000) % + 6.0. The pre-exponential factor A and the activation energy Ea,

respectively, are :

(A) 1.0 x 10° s and 9.2 kJ mol*
(C) 1.0 x 10° st and 16.6 kJ mol*

(B) 6.0 s and 16.6 kJ mol
(D*) 1.0 x 10° st and 38.3 kJ mol

[JEE-2009, 3/160]

g Pife AT A » P, @ forg 971 Rerie (k) & @ (T) wR fiRar &1 F#Hiaxor log k = — (2000) %
+6.0 % FTER YT T B | Qd WU qOE (pre-exponential factor) A Td HfsHIT el (activation

energy) Ea 9 ® :

(A) 1.0 x 10° s 3R 9.2 kJ mol*
(C) 1.0 x 106 s! @R 16.6 kJ mol

(B) 6.0 s1 3R 16.6 kJ mol™*
(D*) 1.0 x 10° s~* 3fR 38.3 kJ mol-*

[JEE-2009, 3/160]

Sol. From Arrhenius equation
K = Ae E&RT
nk = /nA — Ea
RT
2.303 log K=2.303 log A — Ea
RT
-Ea 1
log K = x = +logA ... A
98 = %303r T *)
log K = — (2000) % G ®)
On comparing equation (A) and (B)
)
2.303R
Ea =2.303 x 8.314 x 2000 = 38.29 kJ and logA=6 A =10°
Sol.  oMEIT AHIERUT |
K = Ae E&RT
Ea
/nk = (nA - —
RT
2.303 log K=2.303 log A — Ea
RT
-Ea 1
log K = x = +logA ... A
9% = %308R T % *)

log K = - (2000) % +6
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Chemical Kinetics ﬂ_

18. =

Ans.

Sol.

19.=

Sol.

Sol.

20.*

FHIBROT (A) Tl (B) BT T HRA W

£a_ _ 5000,
2.303R
Ea=2.303 x 8.314 x 2000 = 38.29 k] @ logA=6 A = 106

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 the reaction is : [JEE-2010, 3/163]
JFIT R > P#H R &1 Ir=dl 990 & Bod d A19 T, 3R 74 ofis IR X :
[R] (AIeR) 1.0 0.75 0.40 0.10
t(ffe) 0.0 0.05 0.12 0.18
sfafshar & dIfe B - [JEE-2010, 3/163]
0
k=Co=C _1-075 025 _
t 0.05 0.05
_ 0.75-0.40 _ 0.35 _
007 007

So, reaction must be of zero order.

3, g8 Ifafshar T Sife &1 Brf |

Plots showing the variation of the rate constant (k) with temperature (T) are given below. The plot that
follows Arrhenius equation is : [JEE-2010, 3/163]
97 Rerid (k) &1 doEE (T) & 91 R0 <oiid g3 ofer@ A A M B 1 IRkfaw FHiaxv &

DRI DR dTell 3ol i [JEE-2010, 3/163]

ru TK r& o>

k = Ae—Ea/ RT

So, variation will be T i

k = Ae—Ea! RT

Sﬂﬁkﬂ?ﬂTf{aﬁ'@ﬁW?FﬂT i

For the first order reaction
2N20s (g) — 4NO2(g) + O2 (g) [JEE-2011, 4/160]
(A*) The concentration of the reactant decreases exponentially with time
(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
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Chemical Kinetics

Sol.

21l.m

Ans.

Sol.

22.

UH Bife @1 rfAfshar

2N20s (g) — 4NO2(g) + O2 (g)
(A*) AFABRS B AT=dl FHI & 1T IRYTATd! (exponentially) 9 H Ted 8 |

(B*) Ao @ sref—amyg aToHE 9@ & Wi Tedl § |

(C) JrfAfehar Bl rf—amyg AMBRS @1 YRS (initial) Frsar ® MR el 8 |
(D*) 315 F—ey &Y Srafy # AfAfFaAT 99.6% Yol & WK B |

Ci= Coe™

tuz oc % : K T onincreasing T.
After eight half lives,
—-— CO
2
0,
= % completion = 2~ «100 = 99.6%
0
Ci= Coe™
tl/zcx:%, Tﬁqﬁs{aﬂﬁq'\’KT
8 3T& IMYPIA B ULAR]
— CO
2
C

o]

[¢] 8
= ok B % gl = 02 x100 = 99.6%

0

/\g

[JEE-2011, 4/160]

An organic compound undergoes first-order decomposition. The time taken for its decomposition to 1/8

and 1/10 of its initial concentration are tus and tuio respectively. What is the value of M x107?

(l0g102 = 0.3)

tl/lO
[JEE-2012, 4/136]

Uh B ARG B ToF dife F fIAsH  (decomposition) BT &1 sH® URMIG AU (initial

concentration) @ 1/8 3R 1/10 91T I fAAITT B9 § B 1us 3R tio THI 9T & | Tl 10 ot =

@1t (logi02 = 0.3 of )
9

Ktus = In Co =In8
C,/8

Ktyio0 = In Co =1n 10
C,/10

s 410 = N8 4 - 1008

tio In10 " log 10

then x10 =9

In the reaction, P+Q —— R+ 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 :

[JEE(Advanced) 2013, 2/120]

1/10
[JEE-2012, 4/136]

Qo
Q]

(A) 2 (B) 3
(©o0 (D% 1 Time
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Chemical Kinetics ﬂ_

22,

Sol.

Sol.

23>

Sol.

24.n

Sol.

Sol.

1 afafsar, P+ Q R+ S H P & 75% 3ifafhar &1 4% P @1 50%
fffran A foy W w95 & o § IO 2 | Q o A= |, afafeanr [Q)

I AR B § quig g 2 | 39 Affhar & aEa bife B [Q]
[JEE(Advanced) 2013, 2/120]

(A) 2 (B) 3

©o (D)1

For P, if tso% = X

then t7sw = 2X

This happens only in first order reaction. So, order with respect to P is 1.

For Q, the graph shows that concentration of Q decreases linearly with time. So rate, with respect to Q,
remains constant. Hence, it is zero order wrt Q. So, overall orderis0+1=1 — Ans.isD

P& forg afe tsow = x

9 trse = 2X

I8 v dIfe Afufshar 3 €1 8Ia1 2 | 31 P& WU ifc 1 & 2 |

Q@ forg, o Tofar 8 % 990 @ A1 Q &I AT=dl YT BU | A & W@ 2 A Q B A X

o 2 saferw Q & wme @ife 3 B | ora: Afdfhar ot ®iIfe 0+ 1= 1 8rh - SR DT
The initial rate of hydrolysis of methyl acetate (1M) by a weak acid (HA, 1M) is 1/100" of that of a

strong acid (HX, 1M), at 25°C. The Ka of HA is : [JEE(Advanced)-2013, 4/120]

AR THIce (1M) @1 gdd 3 (HA, IM) ERT SieT 3198ed &l URMS &R 25°C W Jad 37 (HX, 1M)
B g H 1/100 % | HA & Ka &1 JITdh © [JEE(Advanced)-2013, 4/120]

(A*) 1 x 107 (B) 1 x 1075 (C)1x10° (D)1 x 103

As ester hydrolysis is first order with respect to [H*].
TR BT oI UEed [HY] & ATUeT UM HIfe &1 il 2 |

R _ Hla
Rix Ml
1

—  =[H"

100 [l

HA < H* + A
1-0.01 0.01 0.01
~1

< = 001x001_,

1

For the elementary reaction M — N, the rate of disappearance of M increases by a factor of 8 upon
doubling the concentration of M. The order of the reaction with respect to M is :

[JEE(Advanced) 2014, 3/120]
R AMNHIT M > N & g, M & Fr=ar & T d1 ® M 1 f[ad9 &R (rate of disappearance) 8
TAT 9 O 81 M @ |ruer fwfhar @t wIfe (order of the reaction) & | [JEE(Advanced) 2014, 3/120]
(A) 4 (B%)3 (€)2 (D)1
M—— N
r=KI[MJ*
as [M] is doubled, rate increases by a factor of 8.
i.e. 8 r=KI[2M[J*

= 8 = (2)
x=3

M——> N

r =K [MJ*

[M] ST 8 &1 &% & Ul H 8 ¥ gfg &1 OIRl @ |
A 8r=K[2M* = 8 = (2)
Xx=3

/\
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Chemical Kinetics

25 = The % yield of ammonia as a function of time in the reaction :

N2(g) + 3H2(g) = 2NHs(g), AH<O0

at (P, T1) is given below.

If this reaction is conducted at (P, Tz), with T2 > Ty, the % yield of ammonia
as a function of time is represented by :

A
AR
= o T,
A S|/
time -
A
2 T ..
S|
| 7 T,
time -

25.»  fAfkar Na(g) + 3Hz(g) == 2NHs(g), AH<0

H eI & SWE (% yield) @ 99T (time) R ke (P, Ty) w®
TRl Y ' |

IfT g8 Affpar (P, T2), W & W &l T2 > T, M & % IAE B

g R fA¥Rar yefRid o g |

v

>
>

A
K=}
R
> 7 T,
[JEE(Advanced) 2015, 3/168] & |
time >
A
o LFw—
=
e8| f T
time >
V' 3
k=) T
@ 2
=Y I
O] 7T
time >
V' N
% P T,
X 7
[JEE(Advanced) 2015, 3/168]
I -
A
=
(B*) T,
T >
A
gl -
D) =| /= T,

v

Initially on increasing temperature rate of reaction will increase, so % yield will also increase with time.
But at equilibrium % yield at high temperature (T,) would be less than at T, as reaction is exothermic so
the graph is

dIOE 98 IR UR™ ¥ AAfhar $1 &% § gfg 81l 8 ofd: % Al 9Hg & WY dedl g A W ST
qma (T,) R % A T, 3 o § F9 e aufy afifrn swad 2 59 goR a1 77 2
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Chemical Kinetics

26.

Ans.

Sol.

27.

Sol.

A

% yield

.-
-

time

v

In dilute aqueous H,SO,, the complex diaquodioxalatoferrate(ll) is oxidized by MnQO; . For this reaction,
the ratio of the rate of change of [H*] to the rate of change of [MnO,] is :[JEE(Advanced)-2015, 4/168]
T S H,S0, # dqd Srsudarsrssiiaiaciaye(ll) (diaquodioxalatoferrate(ll)) MnO, ERT ifaiigd
BT & | 39 AMWfH #§ [HY] & uRadT @ &% d1 [MnO;] & uRacd= 1 &% &1 U © -
[JEE(Advanced)-2015, 4/168]

8

8H* +MnOs + [Fe(H20)2 (OX);]> ——> Mn?* + Fe¥ +4C0, + 6H.0

rate of change of [H']
rate of change of [MnOj] -
[H"] & gRac= @ &=
[MnO, @ aRacs @l &)

=8

According to the Arrhenius equation,
(A) a high activation energy usually implies a fast reaction.

[JEE(Advanced)-2016, 4/124]

(B*) rate constant increases with increase in temperature. This is due to a greater number of collisions

whose energy exceeds the activation energy.

(C*) higher the magnitude of activation energy, stronger is the temperature dependence of the rate

constant.

(D*) the pre-exponential factor is a measure of the rate at which collisions occur, irrespective of their

energy.

AR (Arrhenius) FHIdRYT & AR
(A) S=a |fhIur il (activation energy) IHI: g ifdfhar amict 2 |

[JEE(Advanced)-2016, 4/124]

(B*) ITUHE & §@7 W J-ReRT®H (rate constant) 9T & | I8 ST SIFHR B AT 91 & HRUT & o

ol AfshaoT Hoil A SITET B S 2

(C*) afshavr St & AT fRia+l S=a &Rfl, IT—ReRTe @1 arodE W [A¥Rar a1 81 g9d 80l |
(D*) S9&! Sl R =R By o1, gd—aRemdial o (pre-exponential factor) €Fh=i &1 &R (rate of

collisions) &1 dY® = |
K = A e E&RT

dk _ Ea

dT RT?

% oc Ea

dT

A — Frequency factor @RI RS

= No of collisions per unit time per unit volume. ft S&TS mga+ # Ufd gH1E 7T H ST B G&AT |
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Chemical Kinetics ﬂ_

28. In a bimolecular reaction, the steric factor P was experimentally determined to be 4.5. the correct
option(s) among the following is(are) [JEE(Advanced)-2017, 4/122]
(A*) The activation energy of the reaction is unaffected by the value of the steric factor.
(B*) Experimentally determined value of frequency factor is higher than that predicted by Arrhenius
equation.
(C) The value of frequency factor predicted by Arrhenius equation is higher than that determined
experimentally.
(D) Since P = 4.5, the reaction will not proceed unless an effective catalyst is used.

e fgemre afafear #§ 399 A=Y ac® (steric factor) P &1 uriifie @9 4.5 fgiRa fear mam|
fr=foRaa & & 98 e 2E) [JEE(Advanced)-2017, 4/122]

(A%) Ffaw ) ged & 99 9 rfifthar @) Afthgor So1t (activation energy) ruHTfad &< 2 |

(B*) 3mgft &< (frequency factor) &1 UG A AR AHIGIOT §RT AT A | AT 2 |

(C) I FHIdRvl gRT AT 714 3Mgil 'ca (frequency factor) & YR AF | SAT&T © |

(D) RIfH P = 4.5 B, 59 P J9E] SRS HI SGATT 1 fhar oy, afdfbar o = s |

Sol.  (A) Eaisindependent of steric factor
K
(B) P= ——actual S0, Aactual > Atheoretical
Ktheoretical
B (A) Ea 39 =i gea 9 wd 2|
K
(B) p = —FEIfE A Ayrers > Atarios
Kﬁaﬁ?ﬁ

29.* For afirst order reaction A(g) — 2B(g) + C(g) at constant volume and 300 K, the total pressure at the
beginning (t = 0) and at time t are Po and Py, respectively. Initially, only A is present with concentration
[Alo, and tuz is the time required for the partial pressure of A to reach 1/3" of its initial value. The correct
option(s) is (are)
(Assume that all these gases behave as ideal gases) [JEE(Advanced)-2018, 4/120]
Rer 3maas wd 300 K IR Ud Y dife &I ffehar A(g) — 2B(g) + C(g) @ fore, U™ (t = 0) iR w#a t
R Gl I HAL: Po 3R P g | I 9 % A, [Alo A5l & A1 SURed &, 3R A & 3iR® T4
(partial pressure) &1 YR & (initial value) & 1/3 T& T &1 T3 tys® | Gal {ecd © ()

@ 5 T 9 T ey TN 9T FaER aRal ) [JEE(Advanced)-2018, 4/120]
A A
o
L tus
o
Time > [Alo >
A A
- 5
o 2
: g
©) £ \ (09 o
= ©
a4
Time > [Alo >

® 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
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029 ADVCHK - 87



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

Chemical Kinetics ﬂ_

Sol.

Sol.

A(g) —TIrStorder_ 5B(g) + C(g) V = constant, T = 300 K
t=0 Po
t=ts3 (PO - ZPOJ ﬂ %
3 3 3
- P
3
t=t Po —x 2X X
So, Pi=Po—Xx+2x +Xx=Po + 2x
or 2x = Pt—Po
1P
k  (Py—x)
or t:£|nP—O: llnL
2
or Kt =In _Af , Kt=1In 2P0 — In(3Po — Py)
3P, —P;
or IN(3Po— Pt) = =Kt + In2Po

Graph between In(3Po— Py) vs 't' is a straight line with negative slope.
So (A) is correct option

1P _

K (Py/3) K
So (B) is wrong option.

As rate constant is a constant quantity and independent of initial concentration.
So Graph (D) is correct.

tys = In3 => It is independent of initial concentration.

A(g) — PR 5B(g) + C(g) V = FrE, T = 300 K
t=0 Po
B 2P, P, 2P,
t=tus (Po = Tj s A
_Po
T
t=t Po —x 2X X

3, Pi=Po—X+ 2X + X = Po + 2X
a1 2x =Pt—Po

t=2ip_Fo
Kk (Py—-x)
a1 t:lmp—o lmL
2
R Kt=In _2Po , Kt=1n 2Po — In(3Po— Py)
3Py — Py
a1 IN(3Po— Py) = —Kt + In2Po
IN(3Po— Py) TAT't' & e UTh HUTHES FTel & A1 Al XTI Bl & |
3 (A) 98! fIwed 7 |
tis “LnPo__ L3 = ur arfus wigar @ < o 2
K (Py/3) K

3ra: (B) TTod fadwed €
Fifeh o= e A fFraa @ e IRMMe arsdr 9 [aa 8 g | 3ra: 7% (D) |E B |

/\
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Chemical Kinetics ﬂ_

30.

Ans.
Sol.

Sol.

Consider the following reversible reaction,

A(9) + B(9) == AB(9)
The activation energy of the backward reaction exceeds that of the forward reaction by 2 RT (inJmol™?).
If the pre-exponential factor of the forward reaction is 4 times that of the reverse reaction, the absolute

value of AG? (in J mole) for the reaction at 300 K is .
(Given : In(2) = 0.7, RT = 2500 J mol at 300 K and G is the Gibbs energy)

[JEE(Advanced)-2018, 3/120]
fr=feRaa Sorwefia ifafsan (reversible reaction) W fdaR @ |

A(g) + B(g) == AB(9)
uaig 1fafesan (backward reaction) @1 fharor &1l (activation energy) 811 s1fafshar (forward reaction) @1
AU Fi F 2 RT (inImol %) e 2| afe e fdferan &1 gd =Remdia! o (pre-exponential
factor) weliu fAfhan & qd =ReEmaia) qoie | 4 qom B, A1 300 K R fAfkar & AGY (I molet #H) @1
foRUeT (absolute) A R |
(f&am /a1 ® 1 In(2) = 0.7, 300 K & RT = 2500 J mol* , G firsst 31t 2 1)

[JEE(Advanced)-2018, 3/120]
8500 J/mole
A(9) + B(g) == AB(g)
Ea, =Ea +2RT & Ar=4 Ap

Now, Rate constant of forward reaction k; = Afe_Eaf el

Rate constant of reverse reaction Ky = Abe’Eab’ a
Equilibrium constant
K. - Kt _ At ~(Eu—Eap)/RT
UKy Ay

= 4e*? = 4¢?
Now, AG°=-RT In Keq =—-2500 In(4€?)

=-2500 (In 4 + In e?)

=-2500 (1.4 + 2) =—2500 x 3.4

= 8500 J/mole
“Absolute value = 8500 J/mole”

A(9) + B(g) == AB(9)
Ea, =Ea +2RT & Ar=4 A
€, o AMfhA &1 R FEdid ky = Ae A /RT

gy aififebar &1 <= Fradie Ky, = Aje T /RT
g adre
Keq _ Kt _ At —(Ea—Ea)/RT
Kb Ap

= 4e*? = 4¢e?
379, AG° = —RT In Keq = —2500 In(4€?)
—2500 (In 4 + In €?)
—2500 (1.4 + 2) = -2500 x 3.4

= 8500 J/mole
“fARYe A = 8500 J/mole”
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Chemical Kinetics ﬂ_

PART - 1l : JEE (MAIN) ONLINE PROBLEMS (PREVIOUS YEARS)
HIT - 11 : JEE (MAIN) ONLINE (oet asf) & gz

1. The half-life period of a first order reaction is 15 minutes. The amount of substance left after one hour
will be : [JEE(Main) 2014 Online (09-04-14), 4/120]
(1) 1/4 of the original amount (2) 1/8 of the original amount
(3*) 1/16 of the original amount (4) 1/32 of the original amount

TP U HIfC B AMHIT $1 e—3My Pt 15 fAe & | T =ver ygan yeref 1 AV & A= Bri—
[JEE(Main) 2014 Online (09-04-14), 4/120]

(1) YRT™S A3 BT 1/4 AT (2) URT™EH AT BT 1/8 9T
(3*) URM™S AT & 1/16 91T (4) URT™EH 93T BT 1/32 91T
2. In the reaction of formation of sulphur trioxide by contact process 2SOz + O, —— 2SO the rate of

reaction was measured as d t2] —2.5 x 10™* mol L™* s71. The rate of reaction in terms of [SO2] in mol
L st will be : [JEE(Main) 2014 Online (11-04-14), 4/120]
Ry G e SIESIHTES SN A SRR 250, + 0 ===250; ¥ RiH B W 3 d[otzl
=25x10*Hd Llst® w9 § AMr 747 | IfAfhar g% [SO2) & ®U H Hidd Lis 1 H Bl

[JEE(Main) 2014 Online (11-04-14), 4/120]
(1) -1.25 x 10~ (2) —2.50 x 10~ (3) -3.75 x 10~ (4%) -5.00 x 10~

3. For the reaction, 2N2Os—— 4NO2 + 02, the rate equation can be expressed in two ways
d_[N,Og] d [NO,]

=Kk[N,O:] and
at [N,Os] + dt

=k'[N,O5] k and k' related as P:
[JEE(Main) 2014 Online (11-04-14), 4/120]
AAFHIT 2N205 — 4NO; + 02, % oIy R FHIHRUI &I TR I folam &1 Fahal © —% = k[N,Ox]

d [NO,]
dt

qer + =k'[N,O5] k3R k' @1 1 fre wu # foran sRIM?

[JEE(Main) 2014 Online (11-04-14), 4/120]
1) k=k (2%) 2k = K (3) k= 2k (4) k = 4k

4, The rate coefficient (k) for a particular reactions is 1.3 x 10™* M-s™* at 100°C, and 1.3 x 1073 M~!s™ at
150°C. What is the energy of activation (Ea) (in kJ) for this reaction ?
(R = molar gas constant = 8.314 JK~* mol™) [JEE(Main) 2014 Online (12-04-14), 4/120]
100°C R Us fa9iy aifaferan &1 <) fgaid (k) 1.3 x 104 Mist 8 3iR 150°C WR 39T Al 1.3 x 1073
M1s?t®| 39 rfifhar & ford Vaciae™ ot (Ea) kd # fHa 8FI? (R = AleRk 319 fA9dis = 8.314 JKL

e [JEE(Main) 2014 Online (12-04-14), 4/120]
Q) 16 (2%) 60 (3) 99 (4) 132
5. For the reaction, 3A + 2B — C + D, the differential rate law can be written as :

[JEE(Main) 2014 Online (19-04-14), 4/120]
JfAfhar 3A+ 2B > C+ D& fold smadpd ax fAuw forar o Ioar g -
[JEE(Main) 2014 Online (19-04-14), 4/120]

1dA]  dC] dA] _d[C]

@ 5% =g =MATEr" @ -5 =4 ~MATEI"
1dA] _dc] 4 _L1dAl_dc]

@) +5 ¢ = g = MATEI" @) —3 o =g ~KATE
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Chemical Kinetics ﬂ_

6. The reaction 2N20s(g) — 4NO2(g) + O2(g) follows first order kinetics. The pressure of a vessel
containing only N20Os was found to increase from 50 mmHg to 87.5 mm Hg in 30 min. The pressure
exerted by the gases after 60 min. wil be (Assume temperature remains constant) :

[JEE(Main) 2015 Online (10-04-15), 4/120]
(1) 125 mm Hg (2*) 106.25 mm Hg (3) 116.25 mm Hg (4) 150 mm Hg

AfAfHFAT 2N205(g) —> 4NO2(g) + O2(g) Yo HIfe Tt &1 ure™ FRal 8| dad N2Os Jad A HT
30 e % 50 mmHg | 87.5 mm Hg &% §¢ 1| 60 e uwar i gRT STel 41 @ 81 (WA

A fad <& B) - [JEE(Main) 2015 Online (10-04-15), 4/120]
(1) 125 mm Hg (2*) 106.25 mm Hg (3) 116.25 mm Hg (4) 150 mm Hg
Sol. 2N20s5(g) — 4NO2(g) + 02(g)
t=0 50 0 0
t=30 50-2x 4x X

= 87.5=50 + 3x
=>3x=375 =x=125
= Puo, after 30 min = 50 — 25 = 25

= t2 = 30 min.

Hence afer 60 min, (two half lives), B o remaining = %: 12.5 torr.
= Hence decrease in R, =50-12.5=37.5torr.
= B0, =2x37.5=75torr.

Py, = 3775 = 18.75 torr

= Pt =12.5+ 75 + 18.75 = 106.25 torr.

Sol. 2N20s5(g) — 4NO2(g) + 02(g)
t=0 50 0 0
t=30 50-2x 4x X

= 87.5=50 + 3x
= 3x=375 =x=125
= 30 fFfie & 915 B, =50-25=25

= ti2 = 30 min.
31 60 e eI (31 AYHIe), P, remaining = %= 12.5 torr.
= I P, # ®Hl =50-12.5=37.5torr.

= szos =2 x 37.5 =75 torr.

P, = iz's: 18.75 torr

= Prota = 12.5+ 75 + 18.75 = 106.25 torr.

7. For the equilibrium, A(g) == B(g), AH is —40 kJ/mol. If the ratio of the activation energies of the
forward (Er) and reverse (Eb) reactions is % then : [JEE(Main) 2015 Online (11-04-15), 4/120]
A, A(g) = B(g) & Tl AH = —40 kd/mol 2| a3 3 (Er) N U= (Ep) AMThaRil &1 Afhaor
SHoTial BT AU % HIGEE [JEE(Main) 2015 Online (11-04-15), 4/120]
(1*) Ef = 80 kJ/mol; Epb = 120 kJ/mol (2) Ef = 60 kd/mol; Eb = 100 kJ/mol
(3) Er = 30 kd/mol; Eb = 70 kJ/mol (4) Esf = 70 kJ/mol; Eb = 30 kJ/mol
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Chemical Kinetics ﬂ—
Sol. AH = Eaf — Ean

= —40=2x — 3x

= Eab = 80 kJ/mol ; Eab = 120 kJ/mol

8. A + 2B — C, the rate equation for this reaction is given as
Rate = K[A][B].
If the concentration of A is kept the same but that of B is doubled what will happen to the rate itself ?
[JEE(Main) 2015 Online (11-04-15), 4/120]

(1) halved (2) the same (3*) doubled (4) quadrupled
A+ 2B — C, 39 fafra & fog <x wfiaxor g i3 7 2 -
¥ = K[A][B].

Ife AT Al FHE W SR AAfdb B &) Al SR $1 SR A1 $9@) &) UR RIT g9 TSI?
[JEE(Main) 2015 Online (11-04-15), 4/120]
(1) smeR (2) & (3%) ST (4) IR T
Sol. Rate is first order with respect to B. So it doubles on doubling concentration of B, while keeping
concentration of A as same.

9. The reaction of ozone with oxygen atoms in the presence of chlorine atoms can occur by a two step
process show below:
03(g) + CI*(g) = O2(g) + CIO*(g) 0]
ki=5.2 x 10° L mol* s
ClO*(g) + O*(g) — O2(g) + ClI*(g) ... (i)

ki =2.6 x 10%° L mol~* s
The closest rate constant for the overall reaction Oz(g) + O°(g) — 202(qg) is:
[JEE(Main) 2016 Online (09-04-16), 4/120]
FART TRATRA B SURART # SRS U=ATST & A1 N @t AfAfhar 71 a1 usi F it 2 -

0O3(g) + CI*(g) — O2(g) + ClO*(g) ...()
ki=5.2x 10° L molt s
ClO*(g) + O*(g) — O2(g) + CI*(g) (i)

ki = 2.6 x 10'° L mol* s
Feof A1fAfhaT Os(g) + O°(g) — 202(g) & fom fMdwedq = Fadi® 2 :
[JEE(Main) 2016 Online (09-04-16), 4/120]

(1) 1.4 x 10?° L molt s* (2*) 5.2 x 10° L molt st
(3) 3.1 x 10° L molt s (4) 2.6 x 10'° L molt st
Sol.  The rate constant of overall reaction depends slowest step. Hence equation(i) is slowest step.

Option(2) is correct.

Sol.  wUl AfATHAT 1 R RIS G U8 WR MR HRar @ | o FHIaR (i) 91 US 7 | [dded (2) §El B |

10. The rate law for the reaction below is given by the expression k [A][B]

A + B — Product
If the concentration of B is increased from 0.1 to 0.3 mole, keeping the value of A at 0.1 mole, the rate
constant will be : [JEE(Main) 2016 Online (10-04-16), 4/120]

o= erfiforar @ forw &iwia k [A][B] g1 fean <mar 2 |
A+ B — SdE

0.1 91 R A &1 99 R&d gV Il B &1 A=l 3l 0.1 0.3 7/ I Fg[I1 Il 2 A1 &% i s

[JEE(Main) 2016 Online (10-04-16), 4/120]
(1) 9k (2 3k (3) k/3 4% k

11. The rate of a reaction A doubles on increasing the temperature from 300 to 310 K. By how much, the
temperature of reaction B should be increased from 300 K so that rate doubles if activation energy of
the reaction B is twice to that of reaction A. [JEE(Main) 2017 Online (08-04-17), 4/120]
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Chemical Kinetics ﬂ_

Sol.

12.

Sol.

13.

Sol.

Ife aiffhar A &1 19 300 9 310 K fhar Siar & a1 srffshan o1 &) g1 81 Il © | 3iffshar B &1 ™
300 K & fdbae1 qem 1 =12y @rfs B &1 &= 1 g1 @1 oy, Ife sifdfshar B & afhaor ool A &1 &R

2 [JEE(Main) 2017 Online (08-04-17), 4/120]
(1) 9.84 K (2) 19.67 K (3) 2.45 K (4%) 4.92 K
K, _ €, (1 1)
log —= - -
K, 2303R\T, T,)
for Alog 2 = Sa [i —i] (1)
2.303 R \300 310

fn (1 1)
2.303R 300 TZJ
On dividing (2) by (1) T2 = 304.92 K

forBlog 2 = ..(2)

The rate of a reaction quadruples when the temperature changes from 300 to 310 K. The activation

energy of this reaction is :

(Assume activation energy and pre-exponential factor are independent of temperature; In2 = 0.693; R =

8.314 J mol* K1) [JEE(Main) 2017 Online (09-04-17), 4/120]

Ife affhar &1 a9 300 9 310 K 81T 2 o1 ff¥fshan &% IR A1 81 SRl 8, 9 AMWfHar &1 |fhaor ol

—

(arfafspan § Afhaor i T gd =R aie! IoNd 9 ¥ W[¥ad ©; In2 = 0.693; R = 8.314 J mol KY)
[JEE(Main) 2017 Online (09-04-17), 4/120]

(1) 53.6 kI mol (2) 26.8 kJ mol (3*) 107.2 kJ mol (4) 214.4 kJ mol*

Form arthenius equation

(k,)  E (1 1)
fn | 2= 2 =-=—
)™ rRIT T,

4= _Ea [L_L]
' 8.314\300 310
. Ea ~ 107166 J ~ 107.2 kJ

N20s decomposes to NO2 and Oz and follows first order kinetics. After 50 minutes, the pressure inside
the vessel increases from 50 mm Hg to 87.5 mm Hg. The pressure of the gaseous mixture after 100
minute at constant temperature will be : [JEE(Main) 2018 Online (15-04-18), 4/120]

N20s faafed 8= NO. @1 O, IaT B IR YoM &ife &) Tid &1 AR axal 8 | 50 e & a1, uA
% 3feX T 50 mm Hg | 9gdx 87.5 mm Hg & oIl 8 | ReR a9 W 100 fime & 91 I fasmor &
319 BRT : [JEE(Main) 2018 Online (15-04-18), 4/120]
(1) 136.25 mm Hg (2*) 106.25 mm Hg (3) 175.0 mm Hg (4) 116.25 mm Hg

N20s —— 2NO2 + %Oz

t=0 50 0 0

t =50 min. 50—p1 2p1 %
=25

t =100 min. 50 — p2 2p2 p?z
=125

50—p1+2p1+% =87.5

50 + % =875

/\
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Chemical Kinetics

14.

Sol.

15.

30 _375
2
p1= 37.§><2 - o5

50 minute is half life period
for 100 minute (2 half life)

50 - p2=12.5

pz = 37.5 mm of Hg
Total pressure at 100 minute

=50—pz+2pz + 22

3

=50+ P2 —504+ 3 x375
2 2

=50 + 56.25
=106.25 mm of Hg

For a first order reaction, A — P, ti, (half-life) is 10 days. The time required for %”‘ conversion of A (in

days)is: (In2=0.693,In3=1.1)

[JEE(Main) 2018 Online (15-04-18), 4/120]

yor Pife B ARBHA A —> P, B I, t (7€ o) 10 81 A D %qﬁaﬁﬂzﬁm(ﬁﬁﬁ)wﬁw

I B : (In 2 =0.693, In 3=1.1)

(1) 5 (2) 3.2 (3% 4.1
1 1 In2
t= —In =
Ko _1 10days
4
(- lodays 4 _ o days (log4 —log3)
In 2 3 L log2
=10 days (Mj =10 x 0.41 days = 4.1 days.
0.301
1 1 In2
t==In K=
K ,_1 10 f&=
4
. 10ﬁ=rxln£ _ (log4 —log3)
In 2 3 L log2
=10 fad [Wj =10 x 0.41 fas1 = 4.1 f&=.

[JEE(Main) 2018 Online (15-04-18), 4/120]
(4) 2.5

If 50 % of a reaction occurs in 100 second and 75 % of the reaction occurs in 200 second, the order of

this reaction is :

(1) 2 23 (3) Zero

[JEE(Main) 2018 Online (16-04-18), 4/120]

(491

gy v AMfHAT B 50 % FfAfHaT 100 AHvs # BT 8 T 75 % JIfAfar 200 Gave § 8l &8 o 39

ifafrar & dIfe 7 - [JEE(Main) 2018 Online (16-04-18), 4/120]
(12 (2)3 OB (41
AN Resonance”®
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Chemical Kinetics

Sol.

16.

Sol.

Sol.

— Co
100 second
75 % Co
complete 2
200 second
Co
_> —_
4

First order reaction as half life is constant.

The following results were obtained during kinetic studies of the reaction;
2A + B — Products

Experiment | [A] _ [B] Initi_al Rate of re_action
(in mol L7%) | (in mol L) (in mol L-tmin™t)
| 0.10 0.20 6.93 x 102
Il 0.10 0.25 6.93 x 10~°
11 0.20 0.30 1.386 x 102

Time time (in minutes) required to consume half of A is :

[JEE(Main) 2019 Online (09-01-19), 4/120]

fr=ferRaa siffehar & wfde e & SRM
fe=ferRad oo e gg;
2A + B > 3diq

o [A] [B] ARAS sfAfsrar <R
(@ L3) | (@@ L) | (e L et )
| 0.10 0.20 6.93 x 107
I 0.10 0.25 6.93 x 10~°
I 0.20 0.30 1.386 x 10~

A® MY AT B FAT B B oY Maedd w97 (e ) 8rm -

D1

R = k[A]*[B]
6.93 x103=k (0.1)* (0.2)Y
6.93 x 102 =k (0.1)* (0.25)Y
1.386 x 102 =k (0.2)* (0.3)Y
=Yy =0 (from (i) & (ii))

x =1 (from (i) & (iii))

= First order wrt A

=k=6.93x102min? = t;,, =——

R = K[A]*[B]
6.93 x1073= k (0.1)* (0.2)"

6.93 x 107 = k (0.1) (0.25)
1.386 x 102 = k (0.2)* (0.3)Y

—y =0 ((i) & (ii) 7

x = 1 (() & (i) ¥)
= A ® U YUH dife B AMAHar B
—6.93 x10° =k (0.1)

=k =6.93 x 102 min™*

/n2

=ty =—~

(295

[JEE(Main) 2019 Online (09-01-19), 4/120]
(3) 10 (4) 100
(i)
(i)
(iii)

—6.93 x102 = k (0.1)

0.693

2k 2x6.93x1072

n2 0.693

2k 2x6.93x102
(i)
(i)
(i)

/\
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Chemical Kinetics ﬂ_

17. For the reaction, 2A + B — products, when the concentration of A and B both were doubled, the rate of
the reaction increased from 0.3 mol L™s! to 2.4 mol L™'sl. When the concentration of A alone is
doubled, the rate increased from 0.3 mol L=*s™* to 0.6 mol L™'s™* .

Which one of the following statements is correct? [JEE(Main) 2019 Online (09-01-19), 4/120]
(1) Order of the reaction with respectto Bis1  (2*) Order of the reaction with respect to B is 2
(3) Total order of the reaction is 4 (4) Order of the reaction with respect to A is 2

Jfafera, 2A + B — products @ fog, 5 A de B SHT @1 |T=dl SR &1 78, T4 I1AfHar &1 &% 0.3
mol L~s ¥ 9@ 2.4 mol L-is 81 i1 | 919 ®ad A $1 diwdl a1+l @ T3 99 &< 0.3 mol List ¥
gAY 0.6 mol LIs™L &1 7TE |

1 | P B I 27 [JEE(Main) 2019 Online (09-01-19), 4/120]
(1) IrfAfhar & PIfe B & Amer F 18| (2*) fafspar & dIfe BB Amer H27|
(3) Tt arfAfhar @t T 47 | (4) arfdfepar & dife A amer F 27|

Sol. 2A + B——> products 3dI<.
r = K[A]*[BJ

0.3 = K[A]*[BJY ....(1)
2.4 = K[2A]* [2B)Y ....(2)
@ = 8=2Xx2Y
@
Or, 8=2Y=>x+y=3
x=1 ..y=2
18. Consider the given plots for a reaction obeying Arrhenius equation (0°C < T < 300°C) : (k and Ea are

rate constant and activation energy, respectively)

N

T
(1) ()]

Choose the correct option : [JEE(Main) 2019 Online (10-01-19), 4/120]

(1) I'is right but Il is wrong (2) Both I and II are wrong

(3) Iis wrong but II is right (4*) Both I and II are correct

JMETIRT FHNHROT B A dTell b AMAHA & g eR@ R IR ST (0°C < T < 300°C), (k G201 Ea

FHH: R FIaid qun AhHe Sl §)

N

T
0 (I

|8 favea g [JEE(Main) 2019 Online (10-01-19), 4/120]

(1) 1|81 8 g Il 79 © (2) I den 11 SH1 Tad &

(3) I 7ed & =g 11 98! & (4*) 1q2n IS 981 &
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Chemical Kinetics ﬂ_

Sol.

19.

Sol.

20.

Sol.

k = Ae Ea/RT
k decreases exponentially with Ea
First graph is correct.

T
(I
But temperature is given in °C So, k = 0 at 0°C.
For temperature between 0°C and 300°C, graph will come like (II)

K — Ae—Ea/RT
K, Ea® 1Y TRETd@! wU & Tedl 2 |
() 3G FE 2|
K
T
()
Re] Ar9EE °C H foam a1 8 o 0° k=0 19 0°C 4T 300°C & #ed IR (I1) ST &1 |
For an elementary chemical reaction,
Ki o : dA] . .
A, ==——— 2A the expression for 0 [JEE(Main) 2019 Online (10-01-19), 4/120]
K-1
U&H URMBS qaa siffhbar,
_ K __ dA] | |
A, =——— 2A % forg =ws s EF [JEE(Main) 2019 Online (10-01-19), 4/120]
K-1
(1) 2ka[Az]—k-1[A]? (2) ka[A2]+k-1[A]? (3) ka[A2]—k-1[A]? (4%) 2ka[Az]-2k-1[A)?
d(A]
———= = 2k1[A2] — 2 k-1 [A]?
dt
If a reaction follows the Arrhenius equation the plot Ink vs 1/(RT) gives straight line with a gradient (-y)
unit . The energy required to activate the reactant is : [JEE(Main) 2019 Online (11-01-19), 4/120]
(1) -y unit (2*) y unit (3) ¥/R unit (4) YR unit

afs g rfAfhar smEfMer TR &1 IR0 el &, A1 @i Ink vs 1/(RT), T Yaurdl (-y) A19® &
[T UHh Al ¥@T <ar 2 | INBRDI B Al TR B oy mavayd ol ® -

[JEE(Main) 2019 Online (11-01-19), 4/120]
(1) -y 9 =5® (2%) y 91 9® (3) y/R dF® (4) yR 915H

1
Slope of /nkv/s — =-y=-E
p BT y a
Ink T —R1_|_$ A NG H1 1A = —Y = —Ea

~Ey=y

/\
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Chemical Kinetics ﬂ_

21. The reaction 2X — B is a zeroth order reaction. If the intial concentration of X is 0.2 M, the half-life is 6
h. When the initial concentration of X is 0.5 M, the time required to reach its final concentration of 0.2 M
will be : [JEE(Main) 2019 Online (11-01-19), 4/120]
AMWAfHIT, 2X — B TP I Bl @1 AMfhar 21 0.2 M 1 IR |l & oy, gy 6 h g | afe X
RS A= 0.5 M8, a1 0.2 M & Sifds |l ugae H ¥ arell |9 B ¢
[JEE(Main) 2019 Online (11-01-19), 4/120]

(1) 18.0h (2) 12.0h (3)7.2h (4)9.0h
Sol. t1:&:>6 02 =>k=— 1
5 2k 2k 60
Now 379, Ct = Co— Rk
1

0.2=05—- —xt
60

03= -1 —t—18hrs
60

22. Decomposition of X exhibits a rate constant of 0.05 ug/year. How many years are required for the
decomposition of 5 ug of X into 2.5 pug ? [JEE(Main) 2019 Online (12-01-19), 4/120]
X &1 faged 0.05 pg/a¥ &1 X Fadie uslRid &=ar 81 X & 5 pg & faafed 8ex 2.5 ug 8m # fhaq
Y Y ? [JEE(Main) 2019 Online (12-01-19), 4/120]
(1) 40 (2) 25 (3) 20 (4*) 50
Sol.  According to unit of rate constant it is a zero order reaction then half life of reaction will be
t _Co _ oug
1/2 —
2k 2x0. 05ug/ year

Sol. I Fudid & ITAR JAMWHaT T i @ IfAfhar 8 | I9 ififsar & org oMy grii—

=0 ong
Y2 " ok 2x0.05ug/ year

=50 years

=50 years a9

23. For a reaction, consider the plot of In k versus 1/T given in the figure. If the rate constant of this reaction
at 400 K is 10~° s7%, then the rate constant at 500 K is: [JEE(Main) 2019 Online (12-01-19), 4/120]

Waﬁfﬁv‘miﬁmﬁﬁ@%ﬂﬁInkvslﬂfﬁwwﬁﬂwiﬁmlaﬁwaﬁmiﬁrﬂﬁw
400 KW 10° s g, a1 500 K R 9@ R Fgaia & [JEE(Main) 2019 Online (12-01-19), 4/120]

/nk
: Slope = —4606 K
UT
(1*) 10* st (2)4x10*st (3)2x10*%st (4)10°st
Sol. fnk=/nA- % =/n A—@ { %A = 4606}

K E,) 500-400
/n =] =2 | X —m8M8M
1070 R )  500x400

/m k = 4606 x 1 =2.303
10 2000

5

ﬂ.n[L] =/nl10
107°

k=10"*s1
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