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®)
B+3D=2C +4A

©)
A(9) = 2B(9)
K==15x103s"
Ateq.",R =R,
K, [A] = K, [BF
Onsolving : K, =1.5x 10™

B)

A+B —> C+D
k=2.303 x 10°®sec™
_2.303 1

t= = log 55
2.303 100
lo

= ————log—
2.303x10°° 25
=10°x (0.605)

=600 sec
D)
2.303, 100 2.303
k = lo = log2 =
! t g 50 t g

0.6955

t
k,= —2'3032I095 = 2.303 x2x0.69 = 322

t t t

ko _
Ky = 4.65
A

sec™?, Msec™

B)

From the above data, itis clear that on dou-
bling the concentration of B, the rate is doubled
hence orderw.rt.Bis 1
Similarly, Orderw.r.t. A=2
= rate = K[A]}B]

10.
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Exercise-I

©

pA + g B — Products
r=K[AI[B]"
(p + g) may or may not be equal to (I + m)
(order may or may not be equal to stoichiometric
coefficient for a complexreaction.

D)
A+2B —- 3C + D
CdiA] 1dB] 1dC] dD]

dt 2 dt 3 dt dt

®)
2NO + 2H, - N, +2H,0
_1dNOJ __1dHp] _ dNp] _ 1dH0]

2 d 2 dt  dt 2 dt

Multiplying eqg” (1) by 2 gives
_dNO] _ _d[Hp] _ 2d[Np] _ d[H,0]

dt dt dt dt
Putting the value of in the given questions

K1INOJ[H2] = K1INOJ[H,] = 2K,[NO][H,]
= K[NO][HZ]

= Ky = Ky = 2K, =K
©)

1 n-1
e 2)

= t,oa@t"
(ty2)h _a
= (y2) a
235 _(500 n
= 950 (250
= 10923.5-10995 = (1-n)log2
= n=3
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11. (B)
t,,=20minat 300 K

1/2

t',=5min at320 K

0.693
=——F; =20

1/2 -Ea
A.e300R

o - 0693 _.

12 _Ea

-Ea

_ e320R
- -Ea
@300R

Y2 _
T2

Baf 1 1
4= o R 1300 320

Ea(__20
In4="2"300x320
~55303.12J
= 55.3KJ

On solving, Ea

12. ©
A—->B+C

-Ea

eﬁ 3.8 x10716
100

_Ea
== _ 18
—— = 2.303l0g(3.8x10*)

Ea =100 KJ/mol

13. (D)
Attemperature = «
Rate constant = Arrhenious constant.

4. B
A+B Fast

Since
K1 <<< K2
A

IAB _Ki AB+1_K2 ( A+P
=mostImp. peack will be higher

P.E.

A+B AB+|

»

Reaction coordinate

15. (B)
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16.

17.

18.

19.
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P.E.

2 ©

»

Reaction coordinate

As AE overall = 4
So, first option is correct.

D)
A ———= B + heat
E, =100 KJ/mol
E =7

ab
heat of reaction = ?

E,= 100KJ

Reactant

Product

Only one option because
E, = E, + AH.O. reaction

(A)
In a reaction, the threshold energy is equal to :
Activation energy + Normal energy of reactants.

A
6
log K=15- 17
T
logA=15
= A=10%
E
Al a4 =106
SO %303R

E,=1.9x10* KJ

®)

1\
log K
UT —

When line cuts y axis

1

t=0s
When it cut X -axis
logK=0
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20.

21.

22.

23.

24,
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Ea

=109 A= 5 303RT

T Ea
RInA

B)

K=3x102s"

Ea =104.4 KJ/mol

A=6x 10"

Value of rate constantat T = ® will be equal
to frequency factor i.e. A=6 x 10 s

®)

1
Rate a——
time

Since,

Rate becomes four times by doubling the con-
centration of A
= Orderw.r.t Ais2
Also,

by doubling the concentration of B, the rate
becomesdouble
= Orderw.rt.Bis 1.

®)

~ 1 dHp] _ 1d[NHz]
3 dt 2 dt

__dHo] _ 3dNHy]

dt 2 dt
= §><3.4
2
=5.1 Kgmin?
B)
2.303 a
K= ——Ilog
t a-—-x
K = 2.303I gi
© 20 0.6
Also,
K = 2'303Iog0'60
Tt 0.36
Since, Rate constantwill be equal
2.303 1 2303, 0.60
——log—= log——
20 0.6 t 0.36

On solving, t=20 min

©
For a first order reaction, the concentration
of the reactant varies exponentially with time

25.

26.

27.

28.

t=0
t=30

29.

t=0
t=30

www.aviral.co.in

(A=Ae™)

©
Reaction is or zero order
hence, Option C will be correct.

©
th

t , =timetaken for — decomposition.
4

th

= — will beleft
4
[ - 2303 01
vaT K 3/4
2.303 4
= ——log—
K 3

©

If we calculate K, it comes constant every
time

i.e. reaction is of first order.

2'303I09&

Also, K = ¢ aCo
1 (1
= Yln a

®)
Ph—N,Cl _A/Cu__ Ph_CI+N,

Half life is independent of concentration
= reaction s of first order

Ph—N,Cl - PhCIl + N,

A, 0 0

AO—X X X

0 A, A,

Xo 10

A,a50
=>A,—-x 040

2303, A

lo
K= ng—X

2.303, 50
= ——log—
10 40

10

3 log (1.25) min?

D)
2A  + B k_, C + D
G, 2C, 0 0
C 0—2x 2C 0 X X X

. C
given, x= —=
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. _ Co Co
After 30 min, [A]=C -2 X T
_ Co _ 7Co
[B] = 2C, - 1 -2
Co | 7Co
=k [P
3
= R= 49|(—C0
32
30. (D)
d[BrO
—% = k[BrO,J[Br[H'P
D option is correct.
31. D)
2A - B + 3C
t=0 P, 0 0
=10 P2p* p* 3pt
p,—2p*=200 ... (1)
p,— 2p* + p' + 3p' =300
p,+2pt=300 ... (2)

(1) + (I 2p, =500 = p, = 250
Pressure of AAfter 10 min

=p,—p*=200
1 250
K = In—
2x10 200
1
= In1.25
K 2x10

= None is correct
32. (D)

2-42 /
_ 12
t1/2 - K XCO

o C 12
0
Also, t,, a C " (where n is the order of reaction )

=1-n=12=n=05

= t1/2

33. (A)
2.303, 100
= ———log—
. 3K 75
2.303, 100
t = ——log—
2 2K 25
t 0311
= %, —y =0311:1
34. (B)

Slowest step is rate determining step.
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35.

36.

37.

38.

39.
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©
A+2B+C —»D
A+B _Ki_ X(Rapid) ... Q)
X+C _K _Jvy(Slow) ... (2)
Y+B , D (Fast) ... 3)

Rate = K[X][C]
Since X is not in the orginal reaction, hence
it has to be eliminated.

_ X _
from eq” (1), K, = AIE] = [X] = K [A][B]

Putting this value in eq" (4)
Rate = KK [A][B][C]
Rate = k' [Al[B][C]
= Order =3

©)
2A+B—>D+E
A+B—>C+D (Slow)
A+ C — E (Fast)
= Rate = K[A][B]
[As slowest step is rate determing step].

©

Hb o+ |

2 2

== 2HI
KZ

LdH)

>t K [HI[L] =k, [HI]?

®)

k,=126x10%  k,=3.8x10°

B = Ky x100
kl+k2

Ky
kl + k2

C= x 100

A
Kl ~
2A =<— B
-1
2C Ky s 3D
1 d[C]
3 dt
dc]

= 50 = 3K, [AF = 3K [B][CF .......... 0

from 2" reaction

idc _
T2t -l

dc ,
= S = 2K[CF (In

+3C

=k, [AP - k[B][CF
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From (1) & (II)
% = 3K [AF - 3K _, [B][C® - 2K [CT?
40. ©

2A _ Ky . B _Kp

3C.K, =2x10"sec™,

K, =3 x 10 L/mol-sec.
From the unit of rate constant for the given
sequential reactions, it is clear that first reaction
is of first order & the second reaction is of second
order.
Hence, rate law is given as
Rate = K [A] - K,[BF

41. ©
m/L-sec = [K J[M/L]?
[K.]=L*M7?sec™
MLsec™ = [K,][M/L]
[K,] =sec™

42. ©
A —->nB
A 0

43. (D)
Complex reaction order of reaction depends
on rate determining step (RDS) x Y y are
not related to a & b.

44, ©
All the reactins
r=Kk[No][NOBr,]
Rate of reaction expression do not contain
chtermediate
- r=K[NOJ?[Br,]
2NO + Br, — 2NOBr

45.

46.

47.

48.

49.

®)
do (), L
dt dt) V
. n_ P
T VTRT
®)
—dCp,
Atlow C, = at =KC,

ISt order & K,

AN

A

®)

A

>

Energy

>
»

t
Ea (Backward) = A+ B

©
A, > B + 2C
AX X 2X
A=Ae"
_ Ao _
A, —= -~ vV, =2/
Ao
nx = T V2 =4
0.05
[a] = 2 =0.0125
(®))
RIT+1o = ZR%'
RITI+10 = ZRITI
Ke _(3V _ ¢
K, (2a) = '
)

1. (A)
1o~ = &
100 " e ?
K=2In
=0.02 min=
2. (A)
molarity = 108_3
Y=11272

www.aviral.ac.in
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Exercise-lI

Let new lolarity = x

20x 2 _37.5x0.02x5
1000 4 1000

x =0.375

()

0.1= e 2

www.aviralstore.com
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InlO—5
T2

K= 4.606

4, ©
_mn2
~ 10

In2
2=
10 min

5. ©
AO—2x+4x+x=O.15
A,=0.1

_ 0.05

X=73

2 _ g 75107t

6

In(1.5 ><ﬁ =t
(.97 5 =

t = 53.4 sec

6. D)
_ 3[Ad]

t3/4 4K

7. ©)

dB _ -dA _ AoKe ™
dt dt

8. ©
log(a,—x) = loga,— ktloge

Koge = >
oge = 10

_In10  2.303 _

K= 5 5 =0.46

9. A
% — e—K><20
1.5
In(15/8)
20
=0.03

10. (A,B,D)
t,,, = 100 days

6.93x10°°

a=entry = 80

mol/L/day

www.aviral.ac.in

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

www.aviral.co.in

dx

-~ = at-—kx

dt

0.643x107° 643

_ =1 = ——XX
8 100
10.4

=1 X———
X =t 8
((®))

(2—%;—X%)60° —(x;) + 42°(x.)
=120°—132° x,— 18X,
Xg _1

Xe 2
=120°-168°,
t—> o X,—2/3
A=0.5

B=0.5

6 = 36°

©
Order = reaction
complex reaction.

©

eg. Zero order reaction completion time
can be determind for order > 1 time can
be determined

()

Ea=0

If order
K

<~ AT

K

)
A=B

ZB KA -]

T =K1 + KT

)
Eact, > Eactb
LAH=>0

QY
®)
QY
®)
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22.

23.

www.aviral.ac.in

Catalyst forms an alternative path for
reactant to convert into product thus
decreasing activation energy.

(CD)

204(9) = 30,(9)

Slowest step is rate determing step

rate = K[O4][O] ......... ()

Since, [O] is not in the original reaction hence it
has to be eliminated.

From first step

[0,][0O] K1[O3]
.= [(ZDT - [0] = [10_; ......... )

Putting the value of [O] in the eq. (1)

(@)
rate = K;K [Og]ﬁ

Rate = K[O,]?[0,]

(A.B)

P K,
R

Since [Q] = [R] all the times,

[P] :

PO(KLJ@_e-<K1+KZ>t)
1+Kz

As K, = K,

Py e (Kuitka)t =

kg 11 ok

e
= 2 2

3 kgt 1
- —e A
2

o2kt _ 1
3

Taking In of both side
—2K,t=—1n3

In3 2303
t= 2K, = —2K1 log,3

As K, = K,

24,

25.

26.

27.

www.aviral.co.in

2.303
t= —2K2 log,(3

(A,B)
K S5
A K,
———> C
K, =1.26 x 104 sec!
K,=3.8x 10" sec!
L -
% B = K+ K, x100 = 76.83 %
2
%C= K+ K, x100 =23.17 %
(AB,C)

Energy of activation can never be negative
Option (D) is incorrect.

(B,.C,.D)
Only ans will be given

(A,B,C,D)
(A) For zero order reaction

(-2
1/2 2K
=1, a a, (initial concentration )
(B) For first order reaction
Average life = 1.44 x half life

(C) For II" order reaction

1
ty, = K_Co (Co = initial concentration)

1 1

Also Kt = E_C_o

=yt 1
3147 cola cy

1 3 3

—_— = —
KCy

_ =3xt
= k¢, 1/2

=1, =3 %1,

www.aviralstore.com
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28.

29.

30.

31
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_ 2.308 g100
999 7 0.0693 ~ 0.1

Ot

tygg = 100 min

(AB,C)

Rate = K[AJ?[B]

= ratew.rtB=1

Overall order of the reaction=2+1=3

for a complex reaction the rate determing step is
determined experimentally.

(B,D)
In SN reaction, formation of carbocation takes
place which is planar.

= equimolar mixture of (1) and (Il) will be formed
in case of SN™. In SN2 reaction Nucleophile will
attack from the opposite to leaving group

= Product (Il) will be formed in case of SN? reac-
tion.

(AC)
. 2000
log,;oK(min=1) =5 — e
Ea
log K=10g A= 5 303 RT

logA=5=A=10°

Ea 2000
2303RT ~ T

E, = 2000 x 2.303 x 8.314 cal
E, = 9.212 Kcal

(B.C)

A_H B

Rate = K[H*][A]

Rate = K'[A]

If K’ has greater value for HA
= [H*] has to be large

32.

33.

34.

35.

36.

www.aviral.co.in

-

= for that acid has be stronger
= [HA] is strongers that HB
Also Relative strength = 2

(A,B,D)

From figure itis clear that E (forward) =y
E,(backward) =Z

AHr = + x

(AB,C)
From the given data, it is clear that

(A) keeping [B] constant, After doubling the con-
centration of [A] makes the rate of reaction four
times.

= reaction is of order two w.r.t. A.
(B) Similarly orderw.r.t. B=1
(C) Rate = K[A]?[B]

5x10%=Kx (25x%x10%2x 3.0 x 107°
= K =267 x108 L?mol? s™*
(D)order=2+1=3

(A.C,D)
t,/, of (A) zero (C) second (D) third order varies
with concentration.

(A.B)

(A)A __Ea=50kcal  AH =—_10KCal

Ea (backward) = 60 KCal

(B)A Ea=60kcal
—_—

B; AH =—20KCal
Ea (backward) = 80 KCal

(C)A __Ea=50kcal
—_—

B ;AH = +10KCal
Ea (backward) = 40 KCal

(D) A Ea=60kcal
—_—

B ;AH =+ 20KCal

®)
df

5 =K@

K= }Ini
Tto1-f

1
K= %[Inl—ln(l—f)]

www.aviralstore.com
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3 K310
K= — oY
= 200 Kaoo would be max
. 0693 0693
ve =K 3/200 2. ©
t, =46.2hrs (Klj E, {1 1} O
log| v | = T T | .1
K 2303R|T; T
37. A 1 1 72
1-f=e ,
= f=zl-e* Ko} _Ea |1 1
_ . Also log Ko = 2303RI T Ta | (2)
Putting the value of k in from eq"(1) 2 . 1 12
f=l-e™m® eq. (1/(2)
38. (D g Ky
K1) E,

=>X+ty= = ” >1 (E,<FE)
1dB] |09( ?
I — kA K
2o KA 2
dB] _ Ki Ky
G - 2KIA =Ky > K,
diC
Also, % = KAl 43. (A
[B] oK 1015 -2000 -2000 -1000
1 15 14
= a7k, =2%; (Genk, :K,=1:2) e T 107 T =10% T
-1000 2000
= [B] =[C] 10= 2o
S 2XZY e (2) e
Solving (1) and (2) 1000
10= "+
olo2 e
3773 n 10 = 1000
Total moles after 50 % of the reaction n10= "3
=2-X-y+2x+y
=2+x=7/3 _ 1000
2.303
39. (©) T=434.22K
No. of Moles of B = 2x
=2/3 44. (D)
=0.666 2S0,+ 0, — 2SO0,
dso
40. A) % = 10g/sec™
Ea
= - dSoO 1
109 k=100,0A = 5 303RT % =  molisec
When E, =0, k = 3.2 x10° & it does not depend
onT As -1 d[SOy] _ d[O,] _ 1 d[SO3]
2 dt dt 2 dt
41. B)
— 1
When E, = is max, = ——d[;)tZ] =g molisec

www.aviral.ac.in www.aviral.co.in www.aviralstore.com
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dO,] _ o
= T4 T 2g sec

45. (A
aA — bB

_1dA]_1dB)
a dt b dt

S EAD
ol - log(‘”“%og@
= 3] -o

a
= 5—3.98
46. B)
2ND, — N, +3D,
—dND3] _ dN, _ 1dD,]
2dt T dt T 3 dt
1
—K[ND]—K[ND]— ><K[ND]
Ky K3z
2k, =23
2 273

3k, =6k, =2k, (by multiplying with 6)

47. A)
A—>B
4
log, K = 14 — 125x100 1)
T

logK = logA __Ea

gr=log 2.303RT
Comparing
logA=14 = A=10%sec™
Also

E, _ 1.25x10%

2.303RT T

= E,=2.39.34KJ

48. (D)
Exponential factor = 0
whenT=®
Free radical combination
Energy of activation + Threshold energy

49. A

www.aviral.ac.in

50.
(A) CHyCOOCH, + Hy0 ————=

(B) CypHpp0yy+ HyO =
(C) CHyCOOCH, +H,0 =

(D) CHyCOOCH, +H,0 =

51.

54.

www.aviral.co.in

-

For an endothermic reaction

AH
E, E,> AH

»
»

(A-QR,B-QR, C-QS, D-S)
CH;COOH + CH;0H
molecularity = 2; order =1
CeH1206 + C6H1,06
molecularity = 2; order =1
CH,;COOH + CH,0H
molecularity = 2; order =2
CH,;COOH + CH,0H
order=2

(A-R,B-Q, C-P,D-S)

From the figure it is clear that.
A, +B, ——— 2AB

(A) Eat=40 KJ/mol

(B) E,, = 50 KJ/mol

(C) AHr=-10KJ/mol

The reaction is of first order as can be seen from the
given data

Also, Rate = K[H*][Complex]?

Wehavea=1

and t;;, o K[H*]

from give data

=1k 0.0mP

(ty)0), @ @

1
b
K(0.02)

eq" (1) /eq. (2)

= 05a
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55.

56.

www.aviral.ac.in

(3]

A—> B + C
t=0
no. of moles a 0 0
t=20 min a-x X X
t= o 0 a a

Optical rotation reaction no. of moles
Att=

40a-40a=-20
=-40a=-20

o1
T2

At, t=20 min

60 (@a—x)+40x—-80x=5
60a—-100x=5
30-100x=5
=B 1

100 4

No. of moles of Ais becoming half after
20 min
" typ =20 min

Kog3

:3 — —
Kyrg > T2=293K T, =276K

Ko  Ea {Tz -T1

(a) 2.303 log K_l =R T, } (R=2cal)

293-276
293x 276

Ea
».2.303log 3 = >

E,=10453.95 cal = 10.454 Kcal

Ky Ea|Tz3-Tp
(b) Also, 2.303 IogK—2 =R

T3T,
This time, Ea =10.454 K cal , T3 =313 K, T2 =
293 K
Ks 3313
. 2.303 log K = _10.454x10° 313-293

2 313x293

Sol.57

www.aviral.co.in

=, =312
2

K3 _1t

Now, K, g

o
time
Also, if juice is not spoilt upto 64 hr at 20°C it will
not spoil upto 192 hr at 30°C.

Similarly, we can have

For the change,A—>B

20 % solution of A decomposes 25% in 20 min-
utes at 25°C.

Letamount of solute undergoing decay =a =20
. amt of solute left (a — x) after 20 minutes

75
— 20x| —
= (100} 15

_ 2308 a 2303 20
25~ ¢ a-x 20 975

=1.44 x 102 min™!

Kg Eaq|To—-T
- 2.303 log Kos =R { T,

Kao 70x1000| 313 -298
. 2.303 log =
0.0144 8.314 | 313x298
Kgo = 5.58 x 102 min~!

The reaction if carried out by 30% solution shows
the left amount (a — x) = min 20 min

_2.303_|0 a
AL ga—x
2.303 30
. 102= =" log —
5.58 x 10 20 og o
m =9.83

\ % decomposition [(a—m)/a] x 100
[(30—-9.83)/30] x 100

67.2%
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o

Exercise-lII

. 2B — C+ D
~A[NH3] _ —(0.4-0.6) _ 0.2 8 A
L @—y =" q10_5 -~ 5 -004 PP, t=0 0.6 0.8
0O O
(b) —ANH;] = ~0.2-04) - 0.2 =0.02 Afterreaction 0.6 -x 0.8 - 2x X X
At 10 10 '
2. =0.2
- 04 0.4
A[BrO 0.056
ABrOs | At3 I 3 [BrOJ? We have
R, =k [A] [B]? =k x 0.6 x (0.8)?
_, —ABrOT]_ -ABrOg] _ ABr] R, =k [A] [B]* = k x 0.4 x (0.4)2
3At At 24t R, 1
=K =0.019 R, 6
ABr7] _ 2 1
Al = —x 0.056[BrO
5O At 3 [Bro’] 9. A — B
= K =0.037 a-—Xx X
[B] = x = kt
—d[N,05] _ dNO,] _ 2d[O,] % =12x102x10x60=72M
3. dt Tooodt T dt X, = 1.2 % 1072 x 20 x 60 = 14.4 M (Not possible)
1 d[0,] [Blatt=20min=10 M
- _ 2
KyIN,Og] = 5 Ko[N,0] = 2K5 = _
10. Time [A]
1 00 010
1= 3 Ke=25 }x1=0.01
10  0.09 x, = 0.02
. dx )
4. () 5 = KIAIBP =1, 20 008
o 5 _
(ii) r, = K[2A][2B]? = 8r, ot
Hence this is zero order reaction.
5. r, =k [A2 [B,] Now, x =kt
r, = k [3A] [3B,] 0.01=kx1
1 k=0.01
upon reducing volume =rd
3 11 A — B
=27 [A]?2[B,] = 27r )
[A[B] ! t=0 a 0
6. [ r-ANOI_ 1 108x10° =t anx X
T o4AAat 4 3 = Kt
= -4 -1 g-1 =
9> 10 mol ™ x=2x1072x 25=0.50
li] — A[NH3] - A[NO] Now, a —x=0.25
4At 4at =a=0.25+0.50=0.75 M
—A[NH,] 8
At 610t 12, x = kt
AH,O] INOJ wehave  x=a (initial conc" of H*)
A
) — 54 % 104
il = “aar D o410 a  6x1072 .
= t= = 7 =6x10°
AH,0] _ , AlO,] _ _
7. ] = =2— % =2x36=72
13. A —> B
[b] _AH0,] _ 7.2 afterreaction  (1-0.75)
At '

www.aviral.ac.in
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=

when

14.

15. il

[ii]

16.

17.

18.

19.

20.

21.

=

k =

t=

0.75=kt=k x 60

_ 0.75
k= 60
x=0.9

0.9

075 x 60 = 1.2 hour

t=

tya= 72 min = 2 half rives
b= 36 min
t;;g =3 half lives = 3.6 x 3 =1.8 min

2.303, 100 _ "
0 log 80 =0.0223 min

2.303, 100
(0.223Iog 25

jmin =62.11 sec.

2.303 | 100

k 2901

2.303 100

k 29750

2303 5
15x10° 29

%9125

=924.362 sec

k =

t

exp

k =

k =

l:1/2

2.303
20

500

Iogm

_ 2303, 100 _
=T log 70 =41 months

2.303 100 _ 4
60 log 9% =3.3x 10" sec

2303, 1
20 %908

=%= 62.23 min

log 100 __55x10%

K= 2.303
100 —x

~ 9060
X =11.2%

22. [a] keeping conc" of H, const, when
[NQ] is doubled, the rate is 4 times.
keeping [NO] constant, when [H,] is doubled

www.aviral.ac.in

23.

24,

25.

26.

www.aviral.co.in

the rate is doubled

[b]

[c]
[a]
[b]

[c]
[d]

0
(ii)
(ii)

rate = k [NOJ? [H,]
order of reaction =3
rate = K [NOJ? [H,]

_ 4.4x10
(1.5)°x10®x4x107

rate = K [NOJ? [H,] = 8.85 x 10> M sec™?

order w.r.t. NO =2
orderw.rt.Cl,=1
rate = K [NOJ? [Cl,]

1x10°3
(0.05)%(0.05)

rate = K [CL,] [NOJ2 = 0.256

k = =8L2mol2s™?

_ 0.693 _
ky = ~g5 = 0013
_ 2.303, 100

k log=—-=0.013

27100 27

As k,; = k,, the reaction is of the first order
k =0.013 min™!
73%

Rate = k [A]™ [B]"

4 x 1074 =k [0.1]™ [0.1]" .. (1)
2x103=k (0.5)™(0.1)" .. (2)
Equation (2)/(1)
5=(5)m
= m=1
Also, 2x102%=k(0.5)™(0.1)" .3
1x1072=k (0.5)™ (0.5)" .. (@)
Equation (4)/(3)
5=(5)"
= n=1

(ii)

(ii)

Rate = K [A] [B]
_4x107™
~0.1x0.1

Rate =4 x 1072 (0.2) x (0.35)
=28x103Ms™1

K =4x102M1s1

0 100 200
A(Pr) 0.5x10% 1x103

A(Pr)

300
1.5x 103

05x10 05x10 05x10
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o

As @ =K (Constant) =5 (Pa/s) 32.t,= %:%
the reaction of zero order
0 t= 2'i03 |og% = 13.96 hrs
27. for zero order (i) NH,NO, N,O(g) + H,0()
by > @ No. of moles 0.1 (1-0.99) 0.099 0.099
Alternatively
NRT _0.099x0.082x273
4 |og(t1/2)2_|og(t1/2) Volume of HZOZ = = 1
n==1+ |Og(ao)1_|09(ao)2 =2219L
28. Rate = K[A]" 33.  Time [A] [B]
Rate K (6 x 103)"=52x10° ... 1) t=0 a a
K@Ox103)"=78x10° .. 2)
(=ss 3 A8
g\ E 2 2° 8
@) 5] =52 - t=54 min
(@ —>n=1 34, Time Al B]
(b) — Rate = K[A] 0 4a a
7.8x107° 1 a
c) > K= =8.67x 103s1 1 dax— =2 @
© 9x1073 ° 2 2 2
(d) — Rate 8.67 x 103 x 1.8 x 1073 -, time = 15 min
=1.56 x 10> Ms™!
35. A — B + C
t=0 P, 0 0
29, k= % t=t P,-p p P
t=ow 0 P0 P0
0.303 100 . Given
= ——log=~— =166.6 min
T %90 | and 2P, = p,
PotP=p,
We have
30. t, = % = 4.62 x 10° sec L b1
k=>In—0_ —=|n—P3
= 2:303 log 100 t Po—-p t 2(p3-p2)
~ 10x3600 ©100-x
= Xx=5.26% 36. A— B + C
t=0 P, 0 0
t=t Po—-p p p
_ 0.693 0
31. b=~ t=0 0 Po  Po
Given
t = 2.303I 100 and 2P0 =p,g
2 k 625 2p = p2
L, kelin_to_ _1,_Ps
t, t Po-p t (p3—p2)
Alternatively fraction left 37. A—>s B+ C
t=0 a 0 0
1 1
:§:E:6'25% t=t a-x X X
— No of half lives = 4 Now, — Vjxa
V, o« (a+X)
= (2V, = V,) o (a—x)

www.aviral.ac.in
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I A
t (2v;-Vs)
38. A — 2B+ 3C
t=0 a 0 0
t=t a—x 2X 3x
t=w 0 2a 3a
Now, V, o (@a—X) + 2x + 3X
V, o (a + 4x)
Also, V5 oc5a

From above equation
5V, « (5a + 20x)
From equation (2) and (3)
5V, — Vg oc 20x
1, _ Vs
20

and, aoc —,

Va Vi3 V,
— — 42 <

and (@a=x) < 5 "0 2

Oc5V3—5V2

20

2.303 a 2.303
- k = |Og = |

. (1)
. )

.. (3)

4V,

t a-x t

39. r = k2x + k3x
r,=Kkya+Kksa

k, +k;’ k, +kj
r,—r,
a =
= @=%= Tk,
~ k=i L
€ -,
_ AP _ H(11-2)
40. Rep= ~ar = — o5

=0.012 atm min™!

_ -AC_ _—AP

Also, Re = At~ (RT)At
P
As, C= RT

www.aviral.ac.in

g
5(V3 - V,)

www.aviral.co.in

41.

42.

43.

B ~(1.1-2)
C™ 0.082x75x60x300

=8.12 x 1078 Ms™1

R

A — 2B+ C

t=0 Py 0 0

t=t P,—-P 2P P

t=o0 0 2P, Po
Given  3P,=270 mm Hg
@ Py =90 mm Hg
Also, Pg+2P =176 mm Hg
= 2P=176-90
= P =43 mm Hg
[b] Py—P=90-43=47mm Hg

_ 2303, 90 _ I

[c] k= 10 log 27 " 0.0649 min
d t,= 228 =10677min

P,=758

at’5 Py — x,+3/2=827 — x,=138
= P,—X,=758 — 138 = 620
at 10 Py—x,+3/2=882 — x=248

Py—%,= 510
Py 758
= =——=1.2

=fromOto5= Po—x, 620
from5to 10
po —-X; 620
P —_x. 51012

o —X, 510

ration is same
first order

2N,05—— 4NO, because of 2 N,O4

K = i|n ﬂ
2t A
P0 —2X 44X X > P0+3x

5P,
0 2P0 P0/2 — 7

P +3x=284.5 equation (1)

5Pq
7=584.5 — Py=233.8 - x=16.9

www.aviralstore.com
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2303 2338 o
_ o eOx1(3 i
2x30 ° 200 ° min

because reactant 2N,0O4

44. (CHy), O(g) —> CH,(9) + H,(g) + CO(g)
t=0 312 0 0 0
Pressure

att=390s 312—p p p p
Given 312+2P =312 +96

P=48
P
~2.303 0
we have, k; = 300 log P, —p
~2.303 312 4
= 300 %9312 48 - +28*10
. _2.303 312
Similarly, k2 = 1105 log 312-125
=4.28 x 1074
K = 2303 312
3~ 3155 93122335
=428 x 107
As k; = ky = kg

the reaction is of ISt order
Rate = k[(CH;), O]

and k=4.28 x 104 sec™!
_ 2.303 Vo
45, k= t log v,
2303, 228 _
kl =10 log 133 - 0.0539
_ 2.303 22.8 _
k2 =50 log 825 - 0.0508
Kaug = 0.052

As  k; =Kk, the reaction is of first order.

46. Same as above question

[a] order=1
b] t,= @: % = 13.26 min
13.26= %I g(lgg—ng

X —
= m—O.?lG

www.aviral.co.in

fo—T
_ 2303 o

47. k=2 =

K = 2.303 (13.1+3.8j

1= 760 '99011.6+3.8
_2.303 13.1+3.8
K2= "% 09(10.2+3.8j
_2.303 (13.1+3.8)
kg = 180 'Y (9+3.8)
K. = 2.303 (13.1+3.8)

4= 30 199(5.87+3.8)

As, k=k,=~Kky~k, Calculate kavg
The reaction is of ISt order
Atzeroreadingr, =0

K = 2_303| 13.1+3.8
and ag= ¢ 1997 (3g)
= t=966 min
_2.303 100
48. k= T log 100 —x
_ 2.303 100
= k=55 199{100-18.17)
_ 2.303 100
K2 = 350 1°9(100-69.12)
k,+k
kan = : 2 z
0.693
t1/2 = kan
1
49. H,0, —> H0+ 50,
t=0 a 0
= _ X
t=t a-—-x >
t= 0 a
= o0 2

X oc volume of O, liberated at time t
aoc volume of O, liberated at time = oo

46.34

_ 2.303
9(46.34-10.3))

k==gq o

_ 2.303

46.34
t= lo

k  °9(46.34-20)
= 11.45 days.
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50. 2A(g) —> 4B(g) + C(g)
t=0 0.1 0 O
PP

t=t 0.1-x 2X

N | %

. 3x
Given 0.1+ > =0.145

= x=0.03

Also, %EA] = 7.48 x 1073 [A]

_ 2.303 0.1
We have, k= B |090.1—x

2303, 01
t 29007

t=47.69 second

7.48 x 103 =

2.303 0.1
-3 _
Also, 748 x10™° = 100 log 01-x

Calculate x,

Total pressure =0.1 + 3—2X =0.180 atm

51.
[X] . [X]O e—(k1+k2 )
V1+[z] KlXlo [ a-tarkon], KolXlo [y o-tkaskot
K, +k, b-e ]+(k1+k2)[1 € ]

(ko) 1
= [1- o tkarkz )t] = [e(k1+k2)t 1

[C] _ Ko[A], [1-e "]
52. [A] - (k1+k2) [A]Oe—(k1+k2)t

10 X
1 (e 1)

1.26

— %100
(1.26 +0.36)

k,
53. %B=m><100=

=77.77%
%C =22.22%

k]

max —(k2 “k,) =4 min

www.aviral.ac.in
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55.  Egpy— Eapy = AH
Eap) = 77— 72=5kJ mol™

- E. 1
56. logk=IlogA- 2.3O3XT

_ 0.693
k= 60 ’

E,=104.5x 103 J mol™

A=5x 1018 sec?

K, E, [1 1
57, log 2= T
K; 2303R|T; T,

_Eq |t 1
log4 = >—=03r | 300 320

E, = 55.33 KJmol-!

. 0.693
" 27 2%3600

K, =3.46 x 10~° sec™!

Ky 311 1
We have log K_l = 10010 [ }

Sec!

2.303R 298 T
T=306K
0.693
59. (8) Ky = Kygoc = 30
_ _0.693
KZ - K47(’C - 10

K, E, 11
(b)log "~ 303R |300 320

= E, =43.85 KJ mol

60. K

Ae—Ea/RT

Ae_(Ea)2 /IRT

K_ = e_(Eaz_Eal)/RT = 50000/(4.314 x 298)
1

=5.81 x 108
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Kaso E, [ 1 1
61. log = -
Ko ~ 2.303R| 298 308
K aco
K35 =1.75, R =2 Calorie mol-% K-1
25°

= E, = 10.757 K cal mol~!

1 1
Tl T2
T,=380+273=653k
T,=723k

Ky
Iogk—1 =

62. 2.303R

_ 0.693
17 360

Ea =200 x 103J mol~?
Calculate k,

k min~1

_ 2.303

g t= 100

%9725

Ky

= t=20.4 mintues

63. 2NO + Br,—— 2NOBr

fast
S

eq

[i] NO + Br, NOBr,

slow
_—
K,

[i] NOBr,, + NO 2NOBr

rate = k, [NO] [NOBr,]

[NOB, ]
Keq = [NOJ[B, ]

[NOBr,] = keq [NO] [Br,]
» rate = Ky Kgq [NOJ? [Br,)]
= Kegt [NOJ? [Br,]

64. rate = k, [N,O,] [H,]

= [N,0,] = k, [NOJ2
. rate =k, k, [NO]2[H,]

65. rate = k, [O,] [N,O,]
ki _ N0y
k.1 [NOJ?

www.aviral.ac.in

=

66.

67.

www.aviral.co.in

IN,O,] = :—1 [NOJ?

ki 10,1 NOP2

rate =
k,

dNO,]

S =k INOIZ[0}]

Ky

A+B K,

C

C_K ,D

diC
A = k1a8) - KfC - K]

dc]

dt
_ Ky[Al[B]
~ (K2 +K3)
dD]

Also, —
dt

At steady state 0

= [C]

_ KiK3[A]B]
(Ko +K3)

3

KKz
Ko

Also, K= as (K, >>Ky)

Ale—Ea/RT % A3e—Ea3 /IRT

= Ae F3/RT = AE E%/RT
_ AAg o~(Ea-Eag+Ea,)/RT

= A,

Comparing LHS & RHS

A1A3

A2

and Ea = Ea, + Ea; — Ea,

Rate = K, [COCN[Cl,]  .......oee 0
KK—_ll = % ............ (i

& ;—_22 :[(?OL][%”; from (i) & (i)
Rme='ﬁﬁfjg§iﬁ5i00M0b]

1/2
:—K3K2(ﬁj [COJICl,]3'?
K, (K4

K [COJ[CI,J*?
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.

68.
Kp 2.1x1073
A+B-C K, for reverse reaction = 1~ = ————— =53.84
JIA] q f  3.9x10
(8) — = KIAIBP = K[A]
70.
1 2P 4 +R(g)+S (I
fraction left = 2 inlhr @~ 4Q() ©) @
) t=0 P, 0 0 325
No. of half lives = 2 PP(mm Hg)
1 t=30m P,—P » P g5
Sty = 5 hr B 0 2 '
. The amt left after 2 hr (no. of t;, = 4) p
= 2P — 325
(b) =4 = KIAJB] = KIA]
P 5P,
for2"order  as [A], = [B], Given, 2P, + 70 +325=617 = 70 =584.5
1 1
. = —+Kt
" a =233.8
P 3P
_t -1k« &P,—P+2P+ = =P,+ — =317-325
100-75 _ 100 2 2
(o1 1 _41 3 Joe
T 25 100 ~ 100 100 =P=338
Whent=2 hr PO~ P =200
1 1 -1 .8 _ 7 o 2303, P°
100-x 100 100 100 100 R =T PO _p
=700-7x =100
= 899 _ 857 9 fraction left = 14.3 % = 259852538
=Xx=—= =85. o fraction left = 14.3 % = T30 200
(C) For zero order =0.0052
—d[A] Also, When t =75 min
—— =K
dt
for zero order K= 2.303 log 2338 _ 0.0052
. T30 233.8-P'
X = Kt
L 75 =Kxt =P’ =75.5mm Hg
Also, x=K x 2
= 3p'
=x=150% _ . Total pressure= P, + —— + 32.5
Hence the reaction is complete & fraction left 2
= 0% =233.8+113.26 + 32.5
69, =379.55 mmHg
bt ] bt or
— P ] =k [Ptciz-| - K PH0CIC | 7L
Bn+_) B(n+4)+
K forai i Kt initial a0
or given reaction =
eq 0G0 Kp 2e + B"™ — B2
t=t(@@a-xx
5e + B(n+4)+ N B(n—l) +
www.aviral.ac.in www.aviral.co.in www.aviralstore.com
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Let normality of reducing agentbe N
thusat t=0, ax2=Nx2S
2a =25N
at
t=t(a—x).2+x.5=32N
3x=7N
7

X=§

2.303 25/2N

NowK =
2 3

72.

g
t (to—1)

_ 2303 3956
= 6 (3.956 —1.281)

t=15.13 weeks

73.
CH,-0-CH,(g) »CH,(g)+ CO(g) +

t=0 04 0
0

After
X

0.4 -x X

2.303Iog 0.4
t (0.4-x)

timet K=

2.303
4.5x60

0.4-x=0.110
x=0.4-0.110 =0.290

0.4

478 x 103 = 09—
8x10 gA

M

10 0g (25 —7JN =2.07x102min

H,(9)

_0.11x46+0.29+0.29x 28 +0.29x 2

m 0.98
=18.78

18.78 0.4

fo _ x
o 46 0.98

74.

No. of moles o pressure of the system (As, T& V

constant)

www.aviral.ac.in
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Total pressure att =10 sec

Ao e Kika)0 2K4[Alo [1- e (KitK2)<10)

K1+K2
s 2 Ay o KKy
K1+K2 Bl
Also, t= ®©
2K K,
+ —
L<1+K2 K1+KJ[A]O =15
2K1+K2 Kl
KiK. —l5= +l=-15
1+K2 K1+K2
Ky
= KitKy — 0.5
Also,

o(Ki+Kp)<10 (2K1 +K3) - e Kika0) )
K1+K2 :
= o (Ki#K)<10 115 1 g (KitKz)<d0) =1 4

= 1.5-05 g(Ki+K)10=0.1

1
= e—(K1+K2)X10 = g =0.2

=—(K;+K,)x 10 = In(0.2)

In0.2)
“0) =016
" K,=0.5x0.16 = 0.0805

:K1+K=

nlA — nZB
a, 0

ny
ao—k n, X

We have

—d[A]
= —gr = KAl
[A], = [Al,e ™

— 4 .-nkt
a=ae™"

_ —nkt

a,-x=a, e

_ —n,kt
x=ajl-e ]
V a no. of moles
So,
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n n
ag — X+ —2X ag+| —2-1|x
n -V n

ag +ag(1-e ™12 _q)
Ny

ap

VA {1+ (:—i - 1}(1— ekt )}

Exercise-1V

1. C 2. D 3. A
7. A 8. A 9 B
13. B 14. A 15. B
19. A 20. A 21. B
25. C

10.

16.

22.

Exercise-1V

1. (A,B,D)
(A) is correct because on plotting a graph be-

1 .
tween log Kp S T It is a straight line.

logK, = EEH
U ="RT

(B) For the Ist order reaction, plot a graph be-
tween log (X) vs time, it is a straight line.

log(X) = log(xy) + Kt
y =C + mx

1 1
(D)Pvs v orPoc v or PV =costant is Boyle’s law.
1. . .
The plot of P vs v is a straight line.

2. D)
Rate constant (K) = 3 x 10° sec™?
Rate of reaction = 2.40 x 10~° mole litre ~1sec™!
Rate of reaction = K x [Molar conc. of N,O]

2.40x107°

3 105 - 08 molire
X

[N,Og] =

www.aviral.ac.in
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Also,
(=n,kt)
apg — e
A = 22X = [A]g
\ np Jf N 1le-nkt
ny ny
Level-I
A 5. D 6. C
A 11. D 12. B
A 17. C 18. D
C 23. B 24. D
Level-II

B)

In photochemical reactions, the rate of reaction
is dependent upon intensity of absorbed lighti.e.,
rate o I.

®
N,(9) + 3H,@) - 2NH;()

diN2] _ ~1d[Hp] _ 1 dNHy]

Ra=-"0 "3 a 2 dt

_ _ diNp] _ -1dHp] _
Hence, A = Rate = ot = 3 a
1dNHg]
2 dt

©
a =800 mol/dm3t=2 x 104 sec
a—x=50 mol/dm3

2.303 a
k= ——— log —— for afirst order reaction
t a—Xx
2.303 Iog800 2.303 4 % 0.3010
= = X X
2x10* 7 50 T 2x10* '

=1.386 x 104 M/min
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10.
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©
The concentration reduces from 0.1 M t0 0.025
Min 40 minutes = 2t, ,

01 _tw2 ,005__tw2 ,0.025

2t,,, =40 .. t, =20 min (40 min)

0.693 0.693

tya 20
Rate of reactionA— B
(A) =0.01 M

0.693
20
= 3.465 x 104 M/min

:KX[A]:

x 0.01

D)

The order of reaction can have values 0, 1,2, 3 or
even in a fraction. Itis always determined experi-
mentally.

D)
Leta moles of G combine with b moles of H form-
ing the product
aG + bH — Product
Rate of reaction o [G]2 x [H]P
Rate (r) = K x (G)2 x (H)b............. (1)
When conc. of both G and H are doubled, the
rate becomes 8times
8r = K x (2G)2 x (2H)P
8r =K x 28+ b[G]2 x [H]P
Substitute the value of r in eq. (2)
8 x K x [G]? x [H]° = K x 23 * P [G]2 x [H]P
oa+t b — 8= 23
or a+tb=3
The order of reaction =3

A
For afirst order reaction
K, = Rate costant

_0.693

K, = a0 e (1)
For a zero order reaction
A—> B

1.386 mol/dm3

1.386
Half conc. = — = 0.693 mol dm=3

time = 20 sec
dx 0.693

K= — = —

0 gt 20

Divide eq. (1) by (2)
Ky _0693 20 Lo
Ko 40 0693 - 0-5mol~dm

®)

A — P, afirst order reaction equation of first order

11.

12.

13.

14.
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E

— __—a
log K=10910A~ 3 303RT
Given equation is

2000
log K=6.0- e

Equating egs. (1) and (2)
log;,A=6or A=106o0r 1.0 x 10° 51

Ea
2.303R

Ea =2000x 2.303 xR
=2000 x 2.303 x 8.314 x 10-3 kJ mol~
=38.3 kJ mol?

(A)

A = Ao _ Ao
28 256

=2000

255
% completion = Z—x 100

=99.6%

SUBJECTIVE

A — Brate costant = 4.5 x 103 sec™!
r=60sec,a=1.0M,conc.left=(a—-x) =x
2.303 a

45x1038=K= log——
a—X

1
—-X=—=0.7634 M
a—x 131 0.763

Rate of reaction = Rate constant x conc. after 1 hr
=45x 103x0.7634
= 3.44 x 103 mol/litre/min

K= pgEa/RT
Arrhenius equation
at 500 K, K = pg~Ea/500T . (2)
at400 K, the lowering of activation energy
= (E, = 20)

at 400 K K = pg(Ea—20)/400T . (3)

Since the rate is same at 500 K without catalyst
and at 400 K with catalyst.
Dividing Eq. (2) by (3)
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oEa/500R
1= & 20)7400R

_(E,-20)
e 400R

_ oEa/500R

Ea-20 E,
400 500
5E,-100=4E,
Ea =100 kJ/mol

15. Rate = K x conc. of reactant=K x C
r,=Kx0.04
r,=Kx0.03
r_l_&_ 0.04
r,, C, 0.03
t =10 minutes
2.303 . C1 _ 2303 0.04
= —10g— = x log
t Co 10 0.03
K = 2.303 1o 4 _ 2303 [l0g 4 — log 3]
T 10 937 10 M9 g
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2.303

2303 ((0.6021— 0.4771) = ———x 0-1250j
10 10

=0.0287 min™1

_ 0.693  0.693

Y2 = T T 0.0287

= 24.14 min

16. (i) The data show that pressure is reduced to half

1
in 100 minutes and to 2 thin 200 minutes show-

ing it to be a 1 st order reaction.
(ii) t;;, = 100 min

0.693 0.693 103 min-1 = 0:693
K=7,, 100 -693x107~min== ="
i) 1= 25221010
(i) t= K 25
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