CHEMICAL KINETICS AND NUCLEAR CHEMISTRY

EXERCISE - 1
Single Choice 5,

1. aA + bB —— Product

d_x_kAaBb
o ~KAF[B]

(1) As on doubling concentration of A rate become four
time soa=2.
(i1) On four time concentration of B rate become double

b 1
SO —2.

1
So, Given equation : 2a + 3 b —— Product

1 diA]
2 dt

d[B] d[A]

d[B]
dt dt 4

dt

2. 2NO (g)+2H, (g) ——> N, (g) +2H,0(g)

1 dINO] _ 1 d[H,] _ dIN,]

Rate=—~> —4 2 dt dt

1 d[H,0]
2 dt
d[H,0]
= =2K,[NO] [H,] =K [NOJ [H,]
So k =2kl
d[NO]
2 - Tdt =2k, [NO]J[H,]=K,'[NO]J[H,] "’
k1' = 2Kkl
@ - %
k1" =2K1

=K,[NO][H,]

)

=2k [NOJ[H,] =K," [NO] [H,]

¢ [Al =log {7 [B] +log

)

HINTS & SOLUTIONS

10.

d

100
dt [SO,]=100 gram/min= 20 mole/min=1.25 mole/min.

1 d -d 1 d
— ar [S0]= G; [0]=7 G [S0]

-d 1.2 1

5 25
dt [0,]= T mole/min=

2

x 32 gram/min
=20 gram/min

A+ B —— product
r=K[A]'[BJ
r=KI[1]' [1]?

=1x107 (K=1x107?)

l 12 2 1 -3
n=K| ||| =1x102x g =125x10

2A+B —— product

(AT
Codt [Al = t
C=Cye™

t

C,=Cye!

. C,=C et

According to question
Car = Cpoy

-K,t _ —Kt
CAe A —CBe B

= t=15 minute.

24

Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035
+91-9350679141



CHEMISTRY FOR JEE MAIN & ADVANCED

13. time Total for drop to disappears (a,—a)=kt 20 Cl Ci Kt
a=0 t 0
3.0%10° 1 L h00xt
(0.05%10°)x1.0x107 ~ tooe = i, =6 X 107 sec 0.04 02
14. From given graph x = Kt = 25=54+0.002xt = t= W =10,000 sec.
i.e. itis a zero order reaction. d[Al ol ol y
& a2l be 471 £ 15
_dia] _ . Doty 4o ty, 2-1 221 3 '
dt Time
2" -1
dy 0.35 =tz = A pTED
15. slope of graph at 20 sec = dx ~ 80 =7x107
0
4
o5 =34 = W .
0.4 25. Letr=(A)*(B)y
0.35-&
03|
e 0.1 1
02 \ log lj log 2t lo (]
R}ﬁg \ ) jogf 0012 1
0 20405060 80 100 log| — 0g 0.024 log 2
Time/second % '
Ime/secon
x=3
17. A + B —> C log - log((xlj
t=0 a=0.1M b=02M 0 yf___ﬁL_i 0.1)  log(l)
= _ _ 3 b, ) - 1
t=100s a . X b—x X log| 2t 1Og(0'035j log(J
From question , r =k[A][B] and hence b, 0.070 2
1 a(b—x) y=0
kt=——1In b
b-a (a-x) 26. dt is parabolic graph
107 100= —— " x2.303 xlog SaP2=X)
> X = —X X . Ay
o 02-01 =28 02(0.1-x) R
of y=x 4t
x~0.002
[A]=0.1-x=0.098 M
C
19. A — nB So This the graph of second order
t=0 A, 0
t=t Ax X
From graph R 1 dc
y'=x y= 7
Ao
A/x=nx = x=—/
n+1 C
n| Ao |
L — de ; (1
N4 4~ KICI® Soreactionis |7 order.
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CHEMICAL KINETICS AND NUCLEAR CHEMISTRY

28.

29.

Initial pressure 65 105 y 185 C
Halflife 290  x 670 80 33 kt=1In [C_J
Initiall pressure of gas a Initial moles of gas in above AN, N N, + o,
question. 0 200 cm? 0 0
Half life a Initial pressure t=t 20cm’ 180y’ 90 cm?
So, it must be zero order reaction =oo 0 200cm? 100 cm?®
Initial volume of N,O, = 200 cn’.
t = Co_ P —.290= 6 — k= 65 because Max. volume of O, =100 cm’.
22k 2k 2k 2x290
200 In10  2.303
=0.112 mm of Hg/sec KXSOO—In(ZOj = k= 500~ 500
105x2x290
XT T oxes | M08sec 1 L-h 1 —10-40
30 K= Toxe0 ™ o1, T T0x60 ™ “10-15
yXx2x290
670="""ea 1 ~0.0693 L
= 10X60><1n2 =760 =1.15x107sec™.

= y=150 mmof Hg
k, x100 1.26x107* %100

0, = . = = 0
NH,NO, (aq) ——> N, (g) +2H,0(®) 38, %ofB=" = S e o~ 16.83%.
2.303 v, -V, N k, <100 3.8x10°x100 17
K= leey, oy ) = 70 CONNT kitky T 12.6x10°+3.8x10°
2303 700 _
_ 39. [B]+[C]=2M
- X 10g(704o]
[B] 2k, 4

2303 (EJ (o230 7
7 20 8(30) 7 %7 1200 %3

42. A+B==C+D

A(s) — 2B(g) + C(g) {dX}
—1=0
dt
kel [Pw ~P, k; [A][B]-k,[C] [D] =0
cInlp Tp k, [A][B]=k,[C][D]
[A][B]=[C][D]
P,=0 P=150 P =225 04x025=02%0.5
1 [ 225 ] 1 ( 225 j 1=1
20 In —225_150_ = 20 In 75 =0.051n3
44. Equation: Ag"+2NH, == [Ag(NH,),"]
1 225) 1 22 dx
20 ™75 ) = 20 " 225%p,, Given, ~—==2x10"L?mol s [Ag'] [NH,P
_ 2 1 +
> (== =550 d
75 225xPy, For equilibrium d_)t( =0
225 1 2x107[Ag'] [NH,]*~ 1 x 102 [Ag(NH,),"] =0
75% 75 = 2257})40 = P40=200

[Ag(NH,), ] 2x107
[Ag"]INH, > ~ 1x107

=2x10°L*mol 2.
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CHEMISTRY FOR JEE MAIN & ADVANCED

45. K1 — A1e—E1/RT and K2 — Aze—Ez/RT

46.

51.

56.

KA

K, = A_ = o(E2~Ey)/RT ;A and A are not given.

2

-E

a

B, | 1
lOgK_[2.303R}X? *logA

at'Y axies

2o

at x axis

_Ea 1
logk=0 2303R * T =—logA =

. Forreaction, A ——> B.
, AH=5KkJ/mole

E, =10kJ/mole

Rxn endothermic because AH (+)

AH=E —E,
5=10-E,
E, =10-5=5kJ/mole.

kl
E = (Tc)t—O/ 10

Then [B].

_t

E

a

RInA ~

Taking log gives log, k,—log_k, = 10 log, (TC)

= lnkt—lnk0+( 10

Comparision indicates

E

a

3
a

In (TC)) t

1
. logk=-— 2303R T + constant

10
== 5303R * 1073 x N + constant

T

In(TC)=In3 = TC=3

58. For Rxn rate determining step is slowest step

59.

Then in 1st Rxn
Rate=k [NO,][O,]
But 2nd Rxn

k, fast
O3 T O2 +[0O]

NO,+0 —Slow | NO,
NO,+NO, __fast N0,

Then for Rxn (a)

k, [0,][0]

k, ~ [0,] K

by Rxn (b)
Rate=k [NO,][O]
put value of [O] from (d) to (ii)

keq [03]

[0,]

Rate =k x[NO,]

k,[NO,][O,]

Rate = [0,]

Rate =K [X][Y,]

[X]= Ky x[X,]"

Rate=K x /Ko, [X][Y,]

So the order of overall reaction is 1.5

. E, x107° 4
thus, slope of graph will be— 2303R 04 IX]?
= E,=2.303x1.98 x 10* = 45600 cal K= [X,]
A+A_K LA+ A% A¥+A S oA
Rate of decomposition [X]= K x[X,]"
A=K [A]
Rate of formation A=K [A][A*]
At equilibrium rate of decomposition = rate of formation 60. C.—= & _ Co
K[AP = K][A][A*] c2r 8
K
(A = Al ¢ 1
2 - _ -
G 8

...(d)

...(b)
..(c)

(d)

...(i)
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CHEMICAL KINETICS AND NUCLEAR CHEMISTRY

61.

66.

68.

72.

75.

[55)-0mm(3)
20 )" (x) %200 (Ej

V=250ml

So added volume of water = 50 ml.

2.303 n-+n
t= 5 log,, n

2303
©0.693

n,+n,
At=In n,

— 0.693x10°
0.693

t x4.5x10%log,[2] =4.5 x 10°years

1+7

x2.303 log,, [T} =2.079 x 10" years

Ast, is constant. Hence order of reaction is 1.

0.693
t50% - K
0.693

HZI, 1/2: K

. C,=Cje Kt

1
e_2 x Cy=C e

e2=¢ Kt
2
K
t=2 natural life time.
Al + 2B(@ - C@
t=00. 4atm 1 atm 0 atm
t=t (0.4-0.3)atm (1—0.6)atm 0.3 atm

Since reaction is elementary.

So, Rate of reaction w.r.t. A & B will be of order equal to
stoichiometric coefficient

Rate =K [A] [BJ?

Rate =K [0.4][1]?

(Initial)
Rate — K [0.1][0.4]

(aftart=t)

Ry  K[0.1][0.4]
R,  K[04][l]

1
25

(t=0) A

78.

79.

80.

82.

dx

ar  KIAP

log (dx/dt)f€ - - - - = - -
dx
log I =logk +2log [A]

Slope =2
Intercept=log k.

log[A]

nA—— B
a

X .
ax — t, =24 min
n Y

X (I+n)x na
att=48 a—x=— = a= T =X
n n

In2 1 a

24

48 na

_ = 4= n=3.
(1+mn) a

If easter 50% hydrolysed then

%0 ~ (a,-%)= ‘%0
We can write

a,oc vV, - VO)
(a,~x)oc(V_-V)

X=

Voo — V()
S (v,

V,-V,=2V_ -2V,

b (Vo)
t 2

or V =2V-V,

Given (r,-r)=a, (r,—r)=(a—x)

At 50% Inversion

=(a-x)

N | o

—~

r,-T) _
2

(r,—r,)=2r —2r

r,=2r—-r1,

(r - r,)

2NOL(g) + F[g
t=0 2P, P,
t=0 2 atm 1 atm 0
t=t 0 0 2 atm
2PO+PO:3atm

P, = 1 atm

— 2NO,F(g)

24
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CHEMISTRY FOR JEE MAIN & ADVANCED

86. A—> B + 2C + 3D 4. 3A(g) —— 2B(g) + 2C(g)
Optical rotation — 0, 0, 0, t=0 P,
=0 a 0 0 0
Optical rotation at t = 0 is zero. t=20  P,—x 3 3
t=t a—X X 14 3x 2P0 2P0
t=o0 _— —
Optical rotation at time = tis (x.0, +2x.0,+ 3x.0,). 3 3
_ 4
t=o00 0 a 2a 3a — _30 -4
Optical rotation at time = co is (2.0, +2a.0, +3a.0,).
P,=3atm.
(x.0,+2x.0,+3x.0,)=r, ; (a.0,+2a.0,+3a.0,)=r1,
X
4+ = =
. g P, 3 3.5
X= > 879 420, +
0, %20, + 35, %20, %39 = t,,,=20is the halflife,
x=15 t =2x20=40min.
k—lh{ - }—1m{ = } te) 5, =3 X £y, =3 X 20=60 min
t la-x] t 1,1 o ’
2 2 40
o9 = 3 oo = 3 X100, = 37
EXERCISE - 2 5.0 30 o0
Part#1: Multiple Choice 30 20 -15
SLS K 20303 log 1)
1. K= K, 307 %8 20— (~15)
.. o - L In ) min~!
. Ae RT xAze RT 30 35
Ae dR’jK[)‘Vel'd — T
A,e RT ) ~ 30In2 _ .
ty, = 5 - 15 min
"
A 7(Ea)overall _ A1A3 [E\+E5-E,]
© RT ~( A, Je X
1 | 45 1 | 45
~In_min'=—-In7 7~
(E),oi=E, +E,—E, =30 KJ/mole 30 35 t o 0-(19)
K, t=120 min
2A < A*+A [Fast]
K, 30—(-15)
m = 2 athalftime
KA K
K, -~ [A] or [A*] = K, [A] 45 45
= + —
T )
K1K3
rate = K [A*] = K [A] = x=225-15=7.5°
2
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CHEMICAL KINETICS AND NUCLEAR CHEMISTRY

10.

11.

12.

C) Giv logk (min")=5 2000

(C) Given, logk(min')=5- T
Compare this with
logK=log A= 75 303RT(k)
we find A=1x10°

(D) =3 303R =~ 2000

E =9.212 k cal.

2.303RT,T,

Weknow, E = (T, T)

log| 7
g k,
P>vz,Q—>x,Rovy,z

1

t ;
@2 * Gitial conc,) "
t
byt = —12
o, 0.693
1
(¢) For second order reaction t, , = KC,
1 1
= +Kt
C G
c, 4.1

Att= t75% Ct: T = CO CO + Kt75%

3
= t75%: COK = t75‘%,:3)('[1/2

(B) Half life period independent of conc. of Zn than
order w.r.t. Zn is 1st
Rate =k [Zn][H"]"we can write

Rate, [zn][1x102 [ 100
by data Rate, ~ [Zn] | 1x103 | ~ 1
Given n=2
Then  Rate=k[Zn][H'?

(C) Conc. of Zn four times and H* ion is halved
Rate=k [4 x Zn] {
Rate =k [Zn][H]?

H' ;
2 }
Rate remains and same.
(D) Similarly if conc. of H* doubled and [Zn] constant
Then  Rate, =k [Zn] [2H']?
Rate, =4k [Zn] [H'?
Rate, = 4 x Rate,

13.

14.

16.

19.

- 1
Use K=Ae PRT gnd Ink=InA= —2x a
2303 log K =2.303 logA —2 -
. og . og R T
log K = log A ———t—
OB TR 3BR T
1 1
Overall order of Rxn= | | *E =+ 5
as SO, for Rate of Rxn slow down.
. 2A—— Product
RS
(Al [Al, K
11
[Al, [A]
A(ag) —— B(aq) + C(aq)
=0 a 0 0
t=t a—X X X
t=o0 0 a a
(a—x)+2x+3x0cn,
a+4xocn L (1)
2a+3aox n,
2o %2 ..... (ii)

1 a
k=71In
t a—x

A —>B (uncatalysed reaction) A —> B

A—__catlyst g (catalyst reaction)

K = A eEalRT

-E /RT
Kcat, :A e a(cat.)

8.314x10°

t.
I? = e300 — 0333 = 28 times

7~

24
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CHEMISTRY FOR JEE MAIN & ADVANCED

20. We have,
Bl 4k 16
[C]t a 3k2 a 9
k4
SO, k2 = 3
3
Now, k=k +k,=[2x107+ I x2x1073] sec™
7 7%x107 x 60
= - x103sec! = L X0 min!
2 2
2 69 .o
so, T,,= 7x30%10° min = 7%30 =3.3 min.
ki@ Kt kot
2.9= 1k [kt et
dy
it =0.

—keti+ketat=0

1 K,
Sot,.=K,-K, k,

(Rate)  1x10°*

K= [conc.] = 1

25. Rate constant

3x107°
= 3 =1x102%sec

26. A — Product
We know, Rate=K [conc.]"
1x10#*=K[o01> .. (i)
141 x10*=K[.02]* ... (ii)

()/ (i) =

Then =K[A]"”?

27. Rate of reaction independent of conc. of A
NetRxnRate=K [A]’-K [B]'
order wrt B is 1 because rate doubles when conc. of B
doubles, then Net Rxn Rate =k, -k, [B].

28. Equation: Ag +2NH, == [Ag(NH,),’]

d
= (2x10"L*mol*s™) [Ag'] [NH,]*

Given, "

—(1x107s")[Ag(NH,),’]

dx
— =0

F ilibri
orequilibrium -~

2x 107 [Ag' [NH, >~ 1 x 102 [Ag(NH,),]=0

[AgNH3)," 1 2x10’
[Ag ]INH, ] 1x107

=2 x10° L*> mol 2.

29. Given Rxn
N,+3H,===2NH,
dX 2 3 -3 2
& 1x10°[N,][H,]’~1x107[NH,]
dx [N, ][H,
hen— = — 105
when o 0 then [NH3]2 10

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

30. Irepresent kinetic but II represent equilibrium region

Because at equilibrium the concentration remains
constant.

31. Rate depends only conc. of [(CH,),CCI] hence rate
determining

Step (CH,),CCl —— (CH,),C"+CI'
32. A + B ——— Product
Initial conc. 1 1

Initially
1.0x 102=K[1][1]?
K=1.0x107

When half of reactant reacted

L[y
Rate=1.0x10 > E

Rate=1.25%x103

24
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CHEMICAL KINETICS AND NUCLEAR CHEMISTRY

33. We know for zeroth order Rxn

For (I) x=kt
For (IT) t,, o [A,] [Initial concentration]
A, .
For (IIT) A - 3 =kx100 .. (1)
A Ay kxt i
_ — =kx
0Ty kKXt e (i1)
Ay
2 kx100
3A0)  kxt
4
100%3
t= , - 150 minutes.
34. Weknow t =1.44x¢t, ~ and oo = 2 L,
Then tSO% < tav < t75%

35. Itisproperties of Ist order Rxn and other all are properties
ofIInd order.

36. Na,S,O, which react with I, . (lodometric titration)

37. Suppose A,
We know  (A,—A) =kt for zeroth order
(0.50-A)=0.025x t
0.50—-A =0.025x15
A =0.125M

100
90 °2(700-90

2.303
= ——— xlogl0

90

2 .
t, 2303 x 90 =27.08 minutes.

39. Congc. after at 2 halflife (20 minute)

(50% completed) =

1Y 1Y
_(Ej X(Initial conc.) = (Ej x10=2.5M.

2
x2.5=.06932x2.5=16

Then Rate =k[a]= 10

40. M A@®) —— Y FB(g) + (o - particles)

YA —— Y IB(g) +2(3He (g)
1 mole 0 0

-

After two half life N mole of A decomposes.

23
N 2
4

AW

1 3 3
Total moles after 2 halflife = (Z + 7 +2x Zj =2.5mole

pV=nRT
px1=2.5x.082x300
p=61.5atm

41. There is an error of 3dps (already exist)
Then N =(23-3)=20dps
N,=10dps
The halflife = 10 minutes
In next 10 minute N, = 5 dps

Then value with error = (5 +3) = 8 dps.

42. Saponification of ethyl acetate by NaOH is second order

43. The rate of reaction is decided by value of rate constant
which depends on energy of activation not on the value
of AH, definitely the comparison of rate of reactions of
backward reactions can be done if AH values are also

given to us.

44. Milk turn sour at 40°C three times faster as 0°C

rateat40°C k400c

Then rateat0°C k0°c
2.303RT,T, k400 c

E = log
a (T,-T)) Kpoe

2.303%2x313%273 log(3)
k= 40

24
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CHEMISTRY FOR JEE MAIN & ADVANCED

E

45. Weknow,  logK=logA-7 30§RT

compare this by
y=mx-+c

Ea
m=-"52403R slope of this

. E, 1
Given = 3303R ~7 2303
E =R=2cal
46. Initial Rate=k [A] [B]?

Rate 1 =k [0.60][0.80)> .. (i)

Rate2=k[A][BI* .. (ii)
Given Rxn
A(gt 2B(g ——> C(g + D(g
0.60 atm 0.80 atm 0 0 t=0

(0.60-0.2) (0.80-0.40) 0.20 0.20 atm

0.40atm 0.40 atm 0.20atm 0.20atm t=t

Put value of pressure of t =t in rate equation (II)
Rate 2=k [.40][.40]?

Rate2  k[.40][.40]°  Rate2
Ratel ~ k[.60][.80]> — Ratel

di ) ~KIH]

Given, pH change from 2 to 1
Then H* concentration change from 102 M to 10" M

dt ), k[10°]"
Then (dxj = k[lo—l]n
2

_2
3

1 1
= = —
4 6

47.

dt

Rate 1 1 18
Rate2 ~ 100 |10’ n=%
48. Half life period independent on conc. Hence order is
unity wrt Zn

Let order with respect to H" ions is 'a'

Then the rate law will be Rate =k [Zn][H*]*
AtpH=2,[H"]=1072 So the rate law becomes
Rate = (k[10*]*)[Zn] =k, [Zn]

In2
so the half'life will be T n= k_

1

AtpH=3,[H"]=107 So the rate law becomes
Rate = (k[10°]*)[Zn] =k, [Zn]

In2
= k(lO’z)a =10 min

In2 In2
so the halflife will be T,= k_ = k(10—3)a =100 min

2

10 k(107)°
so we have 100 ~ k(102)
which will give 10"'=10"
Hencea=1

49. In Ist order Rxn, decreases in % of concentration same in
same interval of Time

(.12-.06) .06-.03
{THOO =50% — %XIOOZSO%

so reaction must be of first order.

50. We know, Rate =k [conc.]
Given Rxn catalysed by HA and HB
Rate constant  k, =k [H'], k, =k, [H7,
Then relative strength of acids A and B is
ky [H
kg [H'],

H], strength of [Acid B]

2
1

51. Given C=C e

52. A(g) —— B(9+C(g)

dA]
& =k[A]

A(g) —> B(g)+C(g)

100 0 0

(100-P) P p
100—P+P+P=120
(100+P)=120

t=0
t=10 min.

2303 100

Then kf—lo log (100—P)
Lo 2303 [@j
" 10 %880

24
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CHEMICAL KINETICS AND NUCLEAR CHEMISTRY

53. Rate constant change on changing temperature .

54. We know

_dBroy) _ 1d@r) L) _, dB)

dt 5 dt 6 dt dt
: . d®Br)  3d@®Br)
Then by this relation &5
55. We know
= 2.303 i a
ot 08 (a—x)

99.9% completion
a=100
a—x=(100-99.90)=.10

2303 (@J
kK Elo

1
t=2.303 x3 x {E}

t=69xt,

Then: t=

56. Graph I — Rate independent of time, zero order Rxn.

Graph I — Halflife independent of time, [st order Rxn.

1

Graph III — between H and time, straight line,

second order Rxn.

57. According to above data.

d
=% —K[CH,COCH,J* [Br,J° [H']

suppose rate law, =
pp dt

by data (i) and (ii) conc. of [Br,] increased 2 times and
conc. of [CH,COCH,] and [H"] constant rate remains
same. Then zero order wrt Br, .

Similarly conc. of [H"] increased 2 times rate increased 2
times, so first order wrt H*.

Similarly 1storder wrt CH,COCH,

dx

Th
en, (7

=k [CH,COCH,][H']
58. Rate =k [conc]" —— Independent of conc. of A.

59. By diagram, AH’=y —z=x.

60. Rate determining step is slow step
Then  Rate=k,[SO,.2 H,0O]
We know by fast equation

k, [SO,.2H,0]
k., ~ [SO,][H,0F
kl
(SO, 2H,0]= | " [SO,][H,0F (i)

put the value of [SO, . 2 H,0O] from (ii) to (i)
k1
Rate=k, x 17~ [SO,] [H,0P
-1

Rate=k [HOJ*[SO,]

61.HO+O0——> 20H AH=72kg/mole
and E =77 Kg/mole
Then we know AH=E_—-E,
72=TI-E,
E,=5KJ/mole

k ks
k,

62. Given, K=

we know that for any reaction

so differentiating the given relation of k with k , k, & k,

with respect to temperature, we have

dk,

d
dk Kok kg

dr K§

- L{kl&H{ dkl} kk; ky dky

k, | 1dT T dT k2 dT
E, ki ky E; +k3 ki E, kky E,
k-RT? =k, RT? k&, RT® k, RT’

Ea: Ea3 +Ea1 —Eaz
= (20 +40—30) =30 kJ/mol
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64. More is the activation energy less is the rate of reaction.

65. Rate =K [A]" [B]"

Given, doubling the concentration of A and halving the
concentration of B

71.

B
then Rate, = K[2A]" [E]m

Rate, = K[A]" [B]"x 20+

67. 2 + B — C

2a a 0

2a—-2x a-—-x X

diC]

ot “kQ@-n@-x)=2k :>J. dfc]= J‘ kdt

— [C]=2kt
unit of k = Ms™!
[A]=2(a—x)and [C] =x

[B]=(a—x).

70.
t=0

t=20 min

A(g) —> 2B(g) + C(g)
400 0 0
400-p 2p p
400—-p+2p+p=1000
400+2p=1000

Given

400 1

In 200300 20 ™

1
p =300 mm;k= 20 20

o
= 10 min

T,,=10min ;  Value of K=0.0693 min"
1.

400 200 100 50

10 min 10 min 10 min

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

72.

Conc.

For figure-1: A
Time
Figure 1

the rate of formation of B is higher than rate of formation
of C. Hence K, >>K,.

C
8 A
For figure-2 : B
Time
Figure 2

the rate of formation of C is greater than rate of formation
of B. Hence K, >>K,.

By using maxwell's velocity distribution curve the rise in
temperature, increases the activated molecules to form
the product therefore rate of reaction increases.

Part #11 : Assertion & Reason

According to arrhenius equation K = Ae **" when E_ =
0,K=A

Number of halflives=n= L @ =2
T 100

n 2
E_ELJ - (l) L 100% = 25%. The
N, \2 2) 4 a

assertion is not true.

EXERCISE -3

Part # 1 : Matrix Match Type

(A) r=k[A][B]

i.e. 1" order reaction

unit of k =mol " It time™!

o dr =k[A][B]
_dia] _ d[€]
dt  dt

(t,,), = (t,,), ifAand B are taken in stoichiometric ratio.
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(B) A+B—>C+D Part # I : Comprehension

=k [BI°[A]=k[A
r=k, [BI'[A]=k,[A] Comprehension : 2

unit of k = time™! does not have concentration unit.

(1to3)
7d[A]: _d[B] Al Alg) —> 2B(g) + C(g)
dt d t=0 P, P.
d[A]  d[C] t=t Py-p 2p Po+p
a dt = dt t=o00 O 2P0 P0+PC
(C) A+B——>C+D 1
P.= % [Py+P.]
r=Kk, [A]°[B]° 3
unit of k = mole litre™! time™! 3P.=P,+P.
A diB]_ PPe=Fo
dt dt 3 Py
PC: ?
_d[A] _ dI€]
d dt P. =P,—p+2p+P.+p =P, +P-+2p
(D) 2A+B—2C+3D
P, =2P,+P,+P. =3P, + P,

r=K [A]"[B]° 0

unit of K = mol It time™ 1 )
Pr = 5 P_ (given)

C1d[A] 1d[C] d[A]  d[C]
2 dt 24t dt dt ,
Py+Po+2p= - [3P;+P(]
K2 Ea TZ_TI K2
3. (M)2303logy X =R | T | = & =11 3P 1 P
1 21 1 oo _ —|3py+-0
5 +2p 2[ 0 2
T, =298K;T,=273K,E,=65000] ,R=8.314 J/(mol K)
82.51(1)“ 3o 268 2 2 2
—_ = — = —_ = = X =
® "5 2) 7 " 0.0693 2 3
2p=Po—72
4 2
(C) Zeroorder 1., = —— Torder: 1, = “ 2
€ro order : 1/2:_ ordaer : 1/2:— PO
2K K 2p="2
1 0693 c P
K~ K, = g, ~2%0.693 p 0

8
P, =3P,+P.=35
logty, ~logt",,

1- - y =
(D)t e @ or (=)= "7 o Joga” :3P0+P_20 =35
' 1 480 _(0.0677 )" L _ TRy
<ot 7 o0 0136 ) M T2
P0=10 bar
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Comprehension : 3 2. (Il) Rate=1x10"*x[1]=1x10"
3. () RateI =RateIl
&, —»2B 5
A /ZX k'[A][B]=k [A] = B= Kk =10M
1. \ Comprehension : 5
¢ g}? Sol. (1 to 3)
t=0a 1. @ Rt—ﬁ—(gj—%—lﬁxm*‘
t—ta—-x-y - (e t \At) o 25
[B], . [C], de [ch .0039
= 4+ ——t— 3 =—=|—[=2——""=2. —4
[A], = [A] > 3 (I) Rate " Al 15 2.6x10
2x 3y Ac 0077
a=a—-x-y+ -+ =|l—|=—7—= -3
YT, 3 (IIT) Rate (Atj 15 1.02x 10
a=a
2. (1) Rate of Rxn=Rate of formation of C.
Y Then we say by I data.
X ot Suppose[Rate =k [AJ* [B]"] ()
2 \ 1.32 x 10*#=k[.10]*[.05]° ...(i1)
A 2.6x10*=k[.10]*[.10]° ....(iii)
1.02 x 103 =k [.20]*[.10]° (V)
[X], By equation (ii) and (iii) we find b= 1
[Y], +[Z], - By (iii) and (iv) we finda=2.97 = 3.
Then Rate=k[A]*[B]'
ae{kﬁkz)t
3. (Ill) Rate 1.32x 10*=k [.10]*[.05]
ﬂ[l_e*(kﬁkz)‘]_ki[l_e*(lirkz)‘] k=2.6x10"
k +k, (k; +k;) Comprehension : 6
) ae ko)t L. (©- 1 d([;?] _ % d([1]t3]
[1 _ e_(kl+k2 )I] kla + k2a
Kk, . _dIA]_ad[B]
d b dt
e—(kﬁkz)t
=T ko) d[A] a d[B]
1—e k)t [—} =1 lo
or TR gt b T
1 1 [wherek=k, +k,]
= = wherek=k, +
ST —1] [ 1] v og = =03 . =2
b b
[B], 3k, 2. (A) E, is always positive thus K increases with

4. [C], = 4_k2 which depends only on temperature not

on time.

Comprehension : 4

Sol. (1 to 3)

1. () Ratelaw for mechanismI
Rate=k '[A][B] = Rate=1x10"°[0.1][0.1]
=1x 10" m/sec

temperature.

Ky
AH is —ve, K decreases with temperature.
b

K
AH is +ve, K. increases with temperature.
b

24
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d[A d[B 1 d[C
3. (D) Rate orreaction=— [ ]:+ [ ]:+ (€]

dt dt 2 dt
Also rate of reaction,
_M:K[AP: 10—2 X i
dt 2
=2.5x102mol L't
7> P=CRT
B d[A] _ L d[P]
dt RT  dt
d[P d[A
AP RTL =0.0821 x300x 2.5 x 10
dt dt

=6.15x10"atmt!

d[c] d[A]
dt =4 g

=2x25%x102=5x10?2 mole L't!

C, a
4. (A) Rate=- it =KC",
_d4¢,
log dt =logK+alogC,
logK=0.6

K=3.98time” and a=1=tan0 (0=45°).
Comprehension : 7
Sol. (1to 4)

3.

B M—m /hr—E lhrfl—l L hr!
B) =g~ 16g/hr= 75 molhr’=7"mo
AMNO] 4djoy] _, 16
dt =4 —x32—mor
=2x46=92 ghr!
—d[N,0;] 2d[0,] E _ 1
" T =2x ) =]molhr'1x108
=108 ghr!
1
© NO, —— 2NO,+ 70,
Initial mole 4 0 0
moles after diss 0 8 2

4
-. Moleratio= — =2.5

10
0.693 0.693
t,= X 62x10% = 1117.7 sec but it depends
upon temperature as K also depends upon temperature.
2.303

3 100
o= 6.2x10 % log 60 =822.98 sec

Rate =K[N,O,]; Thusr, =K [N,O,]

If V is doubled the concentration becomes half

1 L 2
1=K E[Nzos] = I, = T

EXERCISE - 4

1. (A) Accordingto the given condition reaction is [*order Subjective Type

with respect to N,O..

2. (B) 2N,0, — 4NO,+O0,

.1 d[N205]_l d [NO,]
Rate of reaction = — > i - -
d[0,] n
= at =KI[N,0,]
M—K N.O.]* =2K[N.O.]*
B dt - 1[ 2 5] = [ 2 5]
d[NO, ]

Y « K, [N,O.]"=4K [N,O]"

A1l 4 - "
d K, [N205] =K [Nzos]

K,=2K, K,=4K, K,=K

2.

CH,COOC,H; +NaOH,; _, CH;COONa+C,H;OH

t=0 a b
t=t (ax) (b—=x)
t= o 0 (b—a)

bx100  0.05x75
1000 1000

Attimet=0

b 0.05x75 b 0.15

ST - T3

(b—x)x50  0.05x25
1000 1000

At time t=30 min

oy 005
(bx)="—"—

24
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~ (b_0.0SJ _ 015 005 0.15-0.1  0.05
X 2) 4 2 4 4

(b—a)x25  0.05x6.25

Attime t= oo 1000 1000
b ~ 005
(b-a)=—,~
~b 005 015 005 0.1
ATVTTY T s T s T g
1 a(b—x)
K= t(b—a) In b (a—x)
0.1_0.05
—X
1x4 4 2
K= 302003 In 0.15X0.05
4 4
K 1 | (Mj 1 2In2—1n3
= 30%005 "\ 015 ) T 15 [2n2-In3]
Ans.  k=0.736 litre/mol/minute
B11+ > B(u+4)+
millimoleatt=0 a 0
2e + B —— BO-*
t=t (a—x) X
Se+B(n+4)+ - AN B(n—1)+
Let normality be N for reducing agent.
Thus, att=0ax2=Nx25
N
a2
att=t (a—x)x2 + x.5 = Nx32
3x=7TN
s S
or X=3
25N
s K = 2.303 o 2 _2.303 o 25x%6
ow, 10 g[257)N 10 °2x61
2 3

=2.07 x 10? min!

4. 2NH, — N,+3H,

1 d[NH;] _ d[N,] 1 d[H,]
= 0=—_ — - _ o -
PeRINE =S T d 3 dt

d[N,] 1 d[Hy]  d[N,]
= -4 — N - — 4
2.5x%10 m 3 at at 2.5%10
d[H,] —75x 10+
dt
4 ~d[NH;] _k [NH;]
@ dt ~ 1+k,[NH;]
: . —d[NH;]
(i) NH, is very — very Less o =k, [NH,]

— First order

~d[NH,] _ (ﬁ]
dt Lk,

——> zero order

(ii) NH, is very — very High

_ —d[A]
6. The Rate equation m =k[A]? [HT]°

During any experiment pH is constant

—dlA] _

§ K [Al" wherek =k [H']

Since Half is independent of the Initial conc. of A
Hence a=1

Firstorder w.r.t A. Now k' is First order rate

0.693
constantk! =
1/2
(Mo ky  k[H [H'] (@j
(To), Kk KHP P 1o
104 )
=170 = b=1
—d[A]
So at =k[A][H]
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8. ® — potassium chromo - oxalate =—— d potassium
chromo oxalate

t=0 a 0
=te, (a— ch.) Xeq
Ko [ %
Keg.= Ky, (a—xg
a
As Xeq. = E ; K=K,

2.303 Xeq
KK = " log Xeq — X
g 2303 0.5a

£~ 560 220 0.52a-0.12a

2K,=5.42x 104
K=K, =2.71x 10

11. A —— Product
t=0 a 0
t=60 min 0.8a
t=90min 0.40a
t=100min  0.10a

In absence of catalyst

2303 a 2303
" 60 %0sa 60
For I® catalyst

5
log (Zj (1)

Ky 2303 0.8a 2303
K= 7307108 200 ) = 730 108>
2303,
Ky 0 %% 2oz 2x030
K 2.303 <log 5 log5 —log4 0.1
60 4
K st
Bede g5y
E,-EL
(KcatA)ISI N RT
—— =€
K

5
621=¢

_ 80-E!
2.3031l0g6.21= —=

R

2.303x0.793x8.314x300
1000

E,=80—- =80 —-4.56 =75.44 kJ.

12.

d[I\thOS . K, [N,O5] +K,'[NO,] [NO;] ... (1)
d[NO
% =K,[N,0,]-K,'[NO,] [NO,] - K, [NO,] [NO,]

—K[NOJ[NO;]=0

K,(N,O5) = K,'[NO,] [NO;] + K, [NO,] [NO4]

+K[NO]NOy] )
d[NOJ
o~ Ky [NO,]-K, [NOJ
K,[NO
0]= % ...... 3)

C

K,(N,0,) =K,'[NO,] [NO,] + K, [NO,] [NO,] + K [NO,]
[NO;]
K,(N,0.)=K,'[NO,] [NO,] + 2K, [NO,] [NO,]

 KNO]
[INO3I= k' N0, 1+ 2K, [NO, |

dNOs1 o v oa K, [NO,]*K,[N,0s]
a9 KNG, 2K, INO,

dN,0,] K, XK, [N,0s]
a0 T ok,

d[N,O;] _ K, K [N,0,]-2K,K,[N,0;]+K_ K [N,O]

dt ) K, +2K,]
dN,0,]  2K,K{[N,Os]
dt K, +2K,

1 dIN,0,] | K,K4[N,05]
2 d | K,+2K,
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13. A = B
=0 100 0
t=1 hr (100—x,) X, (x,=30)
t=4 hr (100—x,) X x,=?
t=0  Ateq. 100-70 70 S0 X, =70

1 70 1 70
K=3In50"x, )= 3" 70 x,
( 70 j 1 70
=705 ) = 3" 70-x,

70" 70
=In a5 =In 70 x,

X,=58%
s0 % of A remaining = 42%.

15. () A —— Product (i) B —— Product

For I’ reaction

[ij _,

Ky )y ©
In2

At310K(K

310)A

(K1), =0.0231.

(KBIO)B =2 (K310)A: 0.0462.
A (Ksloj E, {310300}
ForAlog{ ) =~ 2303R | 310%300

Ko Eg {310300}
ForB - log| K, ). = 2303k | 310%300

log(K“OJ ] EB log(K“O] N
K300 B I(300 B
03221 (K“OJ ( mJ — 1421
’ %% Kso B - Ks00 )

) Ky 0062
Kaods =7 4o = Tapp 0327 min".

d[HBr]
16. i L[H,][Br]+ K, [H] [Br,] - K,[H] [HBr]
d[HBr]
q ~ GIHLIBr]+ Ky [H] [Br,]—K,[HBr] [H]
K,
Now,  Br, == 2Br
K BT
K5~ [Br]
112
so [Br]= (gj [Br,]!2 )
K, | -

At steady state,
d[H]
K [Br] [H,] - K, [H] [Br,] - K, [H] [HBr]=0

K, [H][Br]
So, [H]= K,[Br, ]+ K, [HBr]

= K,[H,] [Br] + [ K,[Br,] — K,[HBr] ]

K, [H, ][Br]
K,[Br, ]+ K, [HBr]

d[HBr]
o K,[H,] [Br]

1+ KalBr] - KdHBr]]
K,[Br, ]+ K,[HBr]

1/2
d[HBr] K
K [K—j [H,] [Br,]"?

K,[Br, ]+ K,[HBr]+K,[Br,] - K,[HBr]
K,[Br, ]+ K,[HBr]

21 - 12 2,155 ]
K, [H,] [Br,] K,[Br,]+K,[HBr] |

172
d{HBr] - K w1
dt K, K, [H,] [Br,] I+ K, [HBr]
K; [Br] |
K 1/2
2K2[1] [H,][Br,]"
d[HBr] Ks
So. =5 = |1 K, [HBr]
K; [Br]
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18.

19.

20.

> k= Ae E/RT

case .k = Ag~100/RT
case Il k,= pAg 25/RT

—~100/RT
€

ﬁ: o TS/RT
k, o 25/RT
k2 =1 +75/RT .
or log 3 "8 € (AHinkJ)
1

tog, k,  RT 8.314x293 (AHinkJ)
K,
T = 3
K, =235%10

Since, r =k [A]" > nand [A] are same for case I and II.

hy = +A,=15%105+5% 10

=20x107° sec™
_ ey L 2X5X10°
[Cl,= 2+, [A], [1-e® R ]= 2010 ° % 0.25
[1- e (20 1070 x5 % 3600)] =37%x102M.
ForA: rate =k, [A]' ... (i)
0.693 B
and (t, ), = k, .. (i)
ForB: rate=k_ [BJ ... (i)
1 .
and (t, ), = ak, .. (1v)
where a is initial concentration.
() Initial rate of A, r, =k, xa
Initial rate of B, r, =k, x a’
r k 1
W, S ()
Iy g @

0.693 1
FromEq. (i) and (iv) if (t, ), = (t )., , th -
rom Eq. (ii) and (iv) if (t,,), = (t, ) , then k, ky.a
Ky
or ko =0.693xa ... (Vi)
B
r, 0.693a
From Egs. (v) and (vi), . a —0.693
B

(b) After lapse of I half, the new rates are r, and ',

2
=k Xi'r‘:kx 3
A A 2°°B B 2

Ky

X
kB

o | o

... (vii)

& |>H~

t

iy 2
By Egs. (vi) and (vii) r—’? =0.693xax —=1.386
B

A —_— nB
t=0 A 0

0
t=t A(1-X) nA,. X

At intersection point O obtained after time t,
[A]=[B]
A (1-X)=nA X

X = 1
1+n
nA,

[B]= 1+n

. (i) Rate of forward reaction = 2.0 x 10~ [Cu(NH,),]**

Rate of backward reaction =3.0 x 103

[Cu(NH,), H,OF* [NH,]

(i1) Therefore, k=20x10"& k =3.0x10°
ke 2.0x10™ )
k, = W =6.6 x 10-19 litre mol-1

equilibrium constant is very less therefore backward

reaction is predominant.

. Forreaction (a) : K, =A e™® or 2.79x10°

_12x10° )
= Al e RIT ..(1)
For reaction (b) : K, =A e ™® or 1.52x10*

_ 24.5x10°
=Aye X .. (i)

24
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2.79%x107 279x1073 25. A+ OH- —— Products
PR AT 1xa0") T 78100 =0 0002 03
Pl " 2xs10
0.002x1 0.002x1
~3.5%10° t=30 [O'OOZ 100 } {0'3 100 }
BvEa (i) A = 1.52x107* ~1.52x 107 For II order reaction having [A] # [OH]
y q~(11) 2 7245)(103 - 3'7X10711 )
%510 o te 2.303 o [OH ], [1%]t
[Al,-[OH ], ~[A],[OH ],
=4.1x10°
If rate constants of two reaction are same, the reactions ) 2.303
will give equimolar mixture of products. Let these are Using, k= 357 (0.002-0.3) log
same at temperature T, i.e.,
A e—Ea./Rt — A e—Eal/Rt
1 i 0.3x| 0.002 - 20921
12x10° 24.5x10° 100
35x102xe RT =41x]105xe RT
0.002x [0.3 4 O'(i%f) . 1}
ﬁ[24 5-12.0] :ﬁ:M 4
o RTTEY T Rakgr 17X 10 _
k=1.12 x 10-3 litre mol-1 sec—1
103
or l x12.5=9.37
RT 2.303 a
26. > k= =log
12.5%10° t (@-x)
T=———=667K
9.37x2 Hint : Use hit and trial method.
T=394°C Casel: aoc200mm;
24. Given, A : nB x o200 % (50/100) mm and t,, = 53 minute
0.6-0.5
Loss in concentration of Ain 1 hour= —— =0.1 k= 2.303 log 200
1 53 200-100
0.2-0 =1.307 x 102 minute™
Gain in concentration of B in 1 hour = =0.2
1 Casell:acc200mm;

(i) » 0.1 mole of A gives to 0.2 moles of B in a given time x ¢ 200 x (73/100) mm cc 146 mm

and thus, andt,,, =100 minute
g 2303, 200
(ii) > Equilibrium is attained after 5 hrs. where [B] o > 100 g 200-146
=0.6and[A]=0.3 =1.309 x 102 minute™
5 (a) Since, the value of k is constant for the given data
Equilibrium constant, K= [B] - [0.6]° using I order reaction and thus reaction is of I order.
: [A] 0.3 5
. o) k- kitky _ (1309+41.307)x102 0 oo
=1.2 mole litre—1 2 2
(iii) Initial rate of conversion of A = changes in conc. of (¢) For alstorder reaction i (a)? and therefore if
01 initial pressure is 600 mm, the decomposition in 100
A during 1 hour = ——= 0.1 mole litre—1 hour—1 minute will be 73%.

1
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27.

28.

CH,OCH,(g) —— CH/(g) + H(g) + CO(g)
Pressure att=0 040
Pressure att=12 min

(0.40—-P) P P P
For ideal gas behaviour moles oc pressure
aoc0.40, (a—X) < (0.40—-P)

2.303 a
= ——log——
t @a-Xx)

0.693 2303, 040
145 12 %040-P)

or

P=0.175 atm
Thus, total pressure after 12 minutes=0.40—P+P-+P+P
=0.40+2P

=0.40+2x0.175=0.75 atm

2.303 a
t=——log
K (a-X)
a
If t=t X:E;
2.303 o a .
b= K fa_@/2) (D)
99a
If t= 1500, X:W;
2.303 o a B
o, = T K & a—(99a/100) ... (1)
. 9 log 100 2
By Egs. (i) and (ii), t,,, = log2 Xt = 03010 x2.1

=13.95 hour
Also, Moles of NO formed = (99/100) x moles of NH,NO,
taken

Volume of N20 formed at STP=0.099 x 22 .4
=2.2117 litre

29.

30.

Letrate = K [CH,COFJ* [H,0]°

It is given that in case | : [H,0]>>[CH,COF]
and in case Il : [H,0] <<[CH,COF]
Thus, according to ostwald isolation method, we can
assume [H,O] in excess in case [ and [CH,COF] in excess
case II.

Thus, for casel :

Using I order for CH,COF, we have

a
K =2.303log m

2.303 0.01
K= 1

0 = in™!

. 10 g 0.00857 0.0154 min
2.303 0.01 -

and K, = 10 0og 0.00735 =0.0154 min

Thus, K =0.0154 min™'

Thus, order with respect to [CH,COF] is one or a=1
Similarly, for case II :

Using I order for H,O, we have

a
K =23031og 7+

(a—X)
-l 2303, 002 0018
10 000176
,_ 2303, 0.02 00124
2~ 0 000156
,_ 2303, 0.02 00124
T a0 B000122

(almost constant, i.e. K' =0.0125 min™")

Thus, order with respect to [H,0] is one or b = 1

Now  rate =K =[CH,COF]' [H,0]'
Also  rate =K [CH,COF]' [H,0]’casel
K
Seemor

or K, =Kx[HO]'
=0.0154x1.0=1.54 x 10-2 min—1

. . 2303 «1 100 _
For 99% completion, t,, = K og100_99 (1)
. . 2303 «1 100 N
For 90% completion, t,, = K og100_90 ... (i1)
q tog,  logl00
By Egs. (i ii T n =2
y Eqs. (i) and (i) ty, loglO

= X
t99% 2 t90%
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31. To provide a long time or heating to a reaction mixture

32.

=K

means that reaction has gone to completion.

A——> B + 2C

Moles before dissociation a 0 0
Moles after dissociation (a—X) X 2X
Moles after complete diss. 0 a 2a

7 Total moles at a time oc pressure at that time

accP t=0 ..(1)
a+2X oc264 t=14 minute .. (i)
3aoc264 t=oc .. (111)

(a) .. ByEgs.(i)and (i) P°=150 mm
(b) 7 By Egs. (ii) and (iii) X oc 57

K 2'3030 150 3.415 x 10-2 min-1
= = X | —
14 Bls0-s57 min
0693 0.693 090
© %= TK T 3a15x102 2020 min

A —> B
% Yo
(X()ia) (y0+a)
—x —y

xty=x,—aty,ta=x,ty,

da
K&, )

=K[x,y,+ax,—ax,—a’]

2 2
(XOYO){aZZ(onyO J.af[xogyoj +(X0;YO) H

S Sahaa)

34.

. log, K=

On integrating,

Xo T Yo T aixof}’O
2 2

XotYo aixof}’O
2 2 2

1 aty,

Kt+C log
Xo TYo (xg—a)

a=0

at t=0,

Yo
C= log —
Xo T Yo Xy

1 o aty, Xo_ 1

XoTYo (Xofa)-}’o Xo Y

Y-Xo

X.Yo

lo

Kt=

2.303
(X0 +Yo)

Y-Xo
X.Yo

3163 AP
T

atT(T 19)=(273+43.3)=3163K

3
logIOK— 3163 +12

log, [ K=(10+12)=22
K=10%
Then halflife period

1 1 1
= = — 1019
I (Kxaj 102001 107 10
t,,,= 10" min Ans. 107" minute.
Decomposition of H,O, I order (Rxn)
1
H,O, — H O+ 2 (@)

2

Then we know

RT

K=Ae

For uncatalysed Rxn

RT

K, =Ae [T=300K,R=2]
~18x10°

2x300
and for catalysed Rxn

K, =Ae ()

-6 3
K =Ae x10
2 2%x300

...(ii)
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Equation (ii) / (1) Then after 2000 sec.
K _ 3
K, _, (18-6)x10 C[1
K, 2x300 e L | ———
2000 | a; @,
K2
—= =2
“ L U T IR B
K, 1000 " a, 2000 |a, a,
K, =4.85x 108
L . 1
Then catalysed reaction is 4.85 x 10® times faster than |:i+ii| - —
uncatalysed Rxn. U A
. Weknow, Rate=K [conc]" for n" order Rxn. 3 1
n ao B at
Rate, conc,
Then, Rate, — —concl _ap
a="
given, Rate,=Rate ,  conc,=(conc, x 1.5)
225=(1.5" . a, 1
n =2 second order Rxn Fractionleft ~ ===

0

. (@) Rxnzeroorder w.r.t. to Athen.

37. CH,COCH ——> CH + CO
when half of A reacted 3 (@) A (© ©

t=0 .5
A + B + C —— Product t=t 4
att=0 a, a, a, Then by given data
- 8 4 & 6932 2303 0.5
att=1000 sec. > 5 =t 0g(0.4j
Then we know for zero orders Rxn (a,—a ) = kt 2303x81
| 20 =T 6032 xlog(1.25)
glvena, = =5". t=26.07 sec
a9
Then kxt= 7 1
38. For N,O, — 2NO,+ 5 0,
ke 20 _ % % xocV,,
2xt  2x1000 2000 accV
at t= 2000 sec. a-xoc(V -V)
Then for I* order Rxn
o
aO—atf 2000 x 2000 2303 Voo

0.008= > log o
a=0  zero fraction left. 20 (V. =V

(b) 1™ order w.r.t. A then similarly 50% completed AV

. 00

_Al D! 0.008x20 v,
1000 | (@, a, 2303 °8(V,-16)
2 v
0.06947=log v 16,
1 1 )
k= To00 x (aoj Then, V_=10823mL
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39. A—> B+C+D.
We know for first order Rxn

2303

P
" log P

k

P, = Initial pressure of A 41.

P = Pressure A after time t.
A — B+ C + D
P, 0 0 0 at
[P =(P,—x)] X X X at
Given (Pj—x+x+x+x)=P
(P,+2x)=P
= (P-Py)
2
P-P)) @3P,-P)
N =P =20 -7
Then  (P,—x) (o 5 >

40. We know for IT™ order Rxn.

1 1
k=~ (because concentration of both
t|(a—x) a

reactants are equal)
80

100 <1

when Rxn completed 20% =(a—x) = aj

Then =500

1 U 1 |loo 1
80a g :k:% %02 a

100

1 [100 }
k= —1
500xa | 80

__ -
500 4

1 20 1
— X — X — =
~ 500 80 " a

1
~ 2000a

1
a

1
k="3000a

For 60% completed

42.

1 1 (100 ,
~ 20002 axt | 40

1 1|60

Suppose order of Rxn is n

1 n
Then t,, o (P—O]

() _ {QJ
(t12), (Po)y

From (i) and (ii) data.

(3.52) 100"
1.82) | 50
1.934=(2) D

(1.9569) = (2)®-"
n=2 11" order Rxn.

Containing mixture of compound A and B both
decomposed with first order kinetics
t,, for A=54 min t, for B=18 min
Given:
A —-A e . ()
B-B e ™ ... (11)
AO = BO
A —4B,
by (1)/(i1)

4= e(kz_k1 )is
Ind=(k, k)t

In4

-~ In4 ~_ Ind _ 0.6932 0.6932 _zy o0
(ky—kp) — (ky—ky) 18 54
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43.

44.

45.

46.

47.

A+B ——>C+D
Second order WR.T.A

1
Then t,= F%

1
127 0.622%x4.10x10

t

CH,COCH,COOH —"—> CO,+CH,COCH,
1% OR

(i) r=K[O][O,]

0.15=1.5x 107[0] [0,]
0.15=1.5x 107 x4.08 x 10 x [O].
[0]=245x10*.

d[o,]

at =2r=0.15x2=0.3.

(i)

CH,OCH,(g) —— CH,(g) + CO(g) + Hy(g)

P,=4mm 0 0
P=(P,~—x) X X
we known

P=p,e*

P _ e—(4.7sx10‘3x4.sx60)

—_t

Po

= 12=0.275

Po

Sine composition is same therefore
I P

ﬁ - ;j =0275  Ans.  0.275
Rate=k[B][A]
Rate=k'[A]
k'=k[B]

=5x107%x6

=3x1072
(C),=C,e™

—01e3% 1072 x 100

=0.1e7=0.005 min

=39.2 min.

0

X

EXERCISE -5

Part#1: AIEEE/JEE-MAIN

1.

The concentration of the reactant decreases from 0.8 M
t0 0.4 Min 15 minutes, i.e., t,
the concentration of reactant will fall from 0.1 M to 0.025
in two halflive. i.e., 2t , =2 % 15 = 30 minutes.

=15 minute. Therefore,

2A+B —— C rate =k [A] [B]

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

T _A_. 1y
t1/2:4hours n= t, 4 > N=N, E

or, N=200x

For endothermic reaction, AH = ve
AH= EffEb, itmeans E, < Ef.

Generally, molecularity of simple reactions is equal to
the sum of the number of molecules of reactants involved
in the balanced stoichiometric equation. Thus, a reaction
involving two different reactants can never be
unimolecular.

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

NO(g) +Br,(g) ﬁé NOBr,(g)
NOBr,(g) +NO (g) — 2NOBr (g) [rate determining

step]
Rate of'the reaction (r) =k [NOBr,] [NO]

where  [NOBr,] =K [NO][Br,]
r=k. K. [NO] [Br,] [NO]
r=k'[NOJ*[Br,].
The order of the reaction with respect to NO(g) = 2.

AH,=E -E = 180—200=-20kJ mol!

The correct answer for this question should be —20kJ
mol™'. But no option given is correct. Hence we can
ignore sign and select option

Let A be the activity for safe working.
Given A =10A Ao xNoand AxN
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2303 N, 2303 A,
R T
2303
_ 0693 , 10A  2.303x30 230330
30 2A 0693 10810= 503

=99.69 days ~ 100 days.

10. %A—) 2B

1 dA)  1dB)
1/2 dt 2 dt

_d(a) _1d®B)
dt_ 4 dt

11. In first order reaction for X% completion

o 2.303 | 100
Tt °8(100-x%
0.693 2303 ( 100 ]
t, ot log 100-99

0.693  2.303x2
693 t
So, t=46.06 min.

12. A ——> product

For zero order reaction
1

t, o« = a = initial concentration of reactant
tl/2 oca

(tph _ &1 1 2

(ty), 3, > (), 050

t *E*OZSh
- 2 - . .

172

13. Mechanism (1)
Mechanism (2)

rate = K [CL,] [H,S]
rate=K, [CL][HS]

s ]
«  [H,S]

Keq[H,S]

[HS1= — 5y

[CL )[H,S]
K

Mechanism (1) is consistent with this rate equation.

Rate at 50°C 1 %

ate a T =

———— _(2)" Z(2)10 s

Rate at T, °C @ @ ]
=32 times

— ~Ea;/RT
15. K, = Ae ™
— ~Ea,/RT
K,=A,e™

A

o(Exa~Ey J/RT

LS
K2 _AZ

Ea, /RT
K1: K2A><e a

. Klen 0.1 1
TN 40 0.025 40

R=KJA]'

1 21n2
— —In4(.01) = =—=(01) = 4
e (.01) 20 (01) =3.47x10

K, -E, (1 1
17. log—2=——2—| ———
© T°K, 2030R|\T, T,

=2.7,=310K T,=300K

log2 = o [ 1 1
= %% T 2303x8.134(310 300

= E, =53598.6J/mol =53.6KJ/mol

Ans is (1)

L (O'SOOJ—L1 ~2In(2)
8. k=55 {0125) “50 M@= 75

1
H,0,——H,0+ 50,

d[Hzoz] _ d[Hzo] _ 1 d[oz]

POR=—""4 a  1/2  dt
2 In(2)x0.05=2 4[0.]

2 005 —

50 n(2)x0. T dt

d[OZ]_ L . .
o =0.693x10°=093x 10*mol/min
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19. From arrhenius equation

—Ea

K =AeRT
so, K,=Ae ™™ L. (1)
K,=Ae ™™ L Q)
(E, -E,,)
2 _¢g RT

so, equation (2)/(1) = K
1

(As pre-exponential factors of both reactions is same)

a, Ea2

K E
In| =2 |=
K, RT

10,000
8.314x300

20. CH,CHO — CH, + CO

r, =1 torr sec !, when 5% reacted (95% unreacted)
r, =0.5 torr sec ', when 33% reacted (67% unreacted)
roc (@a—x)" m = order of reaction

a—x =unreacted
5 [(a=x)} L(%j
r, [(a-x,)| T 05 067

2=(141" »2=(2) = m=2

Part # 11 : IIT-JEE ADVANCED

1.

Since 0.01 M of X changes to 0.0025 M in 40 minutes, t, , of
reaction = 40/2 = 20 minutes Rate of reaction of

0.693

0.693
r=k[X]= t, x [X]= 0 x0.01

=3.47x10* M min™..

(a) From the rate law expression, R =k[A ]'[B,]°
and from the table it is clear that :

(i) when the concentration of [A ] is doubled, keeping
[B,] constant (see readings 1 and 2), the rate also
doubles i.e. rate is directly proportional to [A ] or a
=1.

(i) when the concentration of [B ] is reduced, keeping
[A,] constant (see readings 1 and 3), the rate remains
constant i.e., rate is independent of [B ] or b= 0.
Thus, rate equation becomes R, =k[A ].

Ry 005 i
b)) k= A~ 010 =0.5sec’".
0

3.

2X(g) —> 3Y(g) + 2Z(g)

t=0800 - -

t  800-2x 3x X =(800+3x)
from given data in time 100 min the partial pressure of X
decreases from 800 to 400 so t,, 100 min. Also in next
100 min Px decreases from 400 to 200 to againt, , = 100
min. Since halfleft is independent of initial concentration
so reaction must ISt order with respect to X.

In2

Rate constant K= 7 =6.93 x 103 min L.
12

Time taken for 75% completion =2 x t, ,=200 min.
Now when Px=700=800—-2x sox=50mmofHg
so total pressure = 800 + 3x =950 mm of Hg

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.

Fossil has 6000 year age for the determination of the
age of old organism.

1o
T,-T, In C,-

A=

aG+bH —— products

Rate =k[G]* [H}

R=K[G]*[H] (Letinitial conc. are [G], & [H] )
8R=K[2G]* [2H]=K2*2)R

so 2¥Y=8 = x+y=3

For I*t order reaction
For zero order reaction
In2  0.693

k = -
Loty 40

second™!

" G, 1386 ki 0.693 o
0T 2,  2x20 Tk, 138

o)}
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10.

11.

12.%

From Arrhenius equation
K = AeEeRT

onk—onA_ —>
- RT

Ea
2.303logK=2.303 logA— RT

—Ea 1

1
log K=-(2000) T +6
On comparing equation (A) and (B)

—Ea

2.303R ~ 2000

Ea=2.303x8.314x2000=38.29kJ and logA=6
A=10°

C,-C 1-075 025

K t 005 005

~0.75-040 035
007 007

So, reaction must be of zero order.

k = Ae-Ea/RT

So, variation willbe g

T—>

C=Ce™

t 0

1
tzoc—

1/ K 2
After eight half lives,

K T on increasing T.

13.

14.

16.

¢ G
= % completion= C—ZXIOO =99.6%

For P, ift,, =x

then t, =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, overallorderis0+1=1 — Ans.isD

. A high activation energy usually implies a slow

reaction.

(A/Z)exp

Steric factor(P) =
(A /Z)theo

A =frea.factor
Z = Collision freq.
usually P <1
A <A, .Assuming ‘Z’to be same
exp theo
Here P>1
A >A

exp theo

First order

A(g)——"—>2B(g)+C(g) V = constant,
T=300K

P —x 2x X

24
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So, P =P —x+2x+x=P +2x

or 2x:Pt—P0
t:lln Ry
k (P,—x)
1 P 1 2P,
t:—ln—oz_]n—o
or k PO—(P‘_PO) k 2P, —P +P,
2

3 2P,
or Kt=In 3P, P, ,Kt=In2P —In(3P —P)
or In(3P,—P)=-Kt+In2P
Graph between In(3P, — P)) vs ‘t’ is a straight line with
negative slope.

So (A) is correct option.

P
t,; = Lln L _ = l1n3 = It is independent of ini-
K (P,/3)

tial concentration.

So (B) is wrong option.
As rate constant is a constant quantity and indepen-
dent of initial concentration.

So Graph (D) is correct.

18. A(2)+B(g)i *t AB(2)

E, =E, +2RT & A =4A

Now, Rate constant of forward reaction
_ —Fa; /RT
k, =A™

Rate constant of reverse reaction K, = A e ™"

Equilibrium constant

_Ke  Ar mm e

o =——=—¢

! Kb Ab

= 4e?=4¢’

Now,  AG°=-RTInK_=-2500 In(4€?)

=-2500(In4 +1In¢e?)
=-2500(1.4+2)=-2500%3.4
=—8500 J/mole

Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035
+91-9350679141



CHEMISTRY FOR JEE MAIN & ADVANCED

S MOCKTEST ooy

()

2. (©
©
As only A is optically active. So conc. of A att =20 min
oc 30°
While concentration of A att =50 min oc 15°
So conc. has decreased to half of its value in 30 min, so
t,,= 30 min.
So volume consumed of H,0, at t = 30 min =t
cording to 50% production of B.

att=90 min. production of B=87.5% (Three halflives)

0 18 ac-

30 30
So volume consumed = (30 ml) + 5 ml |+ 7 ml

=52.5mlans.
4. (B)
r,=k[A],'[B], for a certain run
r, =k [A]'[B] for a previous run

dividing, we get

L _k [A] [Bl,
.k [A] [B]

Substituting the given information

1.5= 2(t21_()27J xlx !
2

t,—27
2 t, =27
=N 6:2( ‘0) = 2TCn2=0n6
t,—27 1n6 _ . .
TERT t,=52.85°C~53°C
5. (O
[B] 3k _3_
[C] 8k, 8

=— =B

[C]_ 8k, 8
[D] 7.5k, 7.5

ap=0.4
6. (C)
t,, = Ka' "™ nbeing order = Rate constant

logt,,=logK+(l-n)loga
l-n=- 1
n=2

10.

D)
Rate (SN?)=5.0 x 105 x 102[R—X]=5.0 x 107 [R—X]
Rate (SN')=0.20 x 10 [R—X]

5x10—7[R —X]x100

o 2 =20
foof N 5><10_7[R—X]+0.20><10_5[R—X]

D)

kt

k—o — (TC)H)/IO

t

Taking log gives logc kl—logc k0: 10 logC (TO)
Inkt=Ink + w t

= Inkt=Ink, 10

Comparision indicates In(TC) = III_O3

= TC=3

©

=-2.303 (slope) min"' =—2.303 (~ 0.03) min™' = 0.06909
min"' =4.14 hr' ~4 hr!

@A)
Ny, 1o, _ k

1
Neycothyo Ko

Dey, ¢, k,

Ney, +Nco, +Nepco o K +k;

~ 2nCH4 _ k
Niotal (kl + kZ)
= nCH4 _ kl

N 2(k; +kj)

50k,
(k, +k,)

n
. —Hs100=

Dioral
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11.

12.

14.

(B)

AtpH =5thet, oc [sugar]® or the reaction is first order
w.r.t. sugar because t,, remains same for any conc. of

sugar.
so rate = k [sugar]' [H*]"

[n=order w.r.t. H" ion]

Also t,, for [H] . orcC/lmn
0
600 o [107°]' ™
60106
or 10=(10)!-" or l-n=
n=0

©

Rate is governed by slowest step
A+ B2 L} AB+B
r=k1[A][B] . (1)

From A, kﬁA-i—A

[AT ;
k.= A (i1)
[A]= k¢ [A,]"
— 12 Sa = l+1 = i
r=k, ke [A]7[B,] order is = > =5
- (A)
(B)
rate is slope of curve
y,—-y, 035
at 20 sec X, — X, ~ 50 (approx)
=7x 10" Msec™!

at 40 sec rate become half because of first order
r, =3.5x103Msec’!

40sec

r., =1.75x10"Msec’!

60sec

LTS s

rSOscc 2

A——B
t=004
t=60

=0.05

04-x x
50 x=0.35

15.
16.
17.

18.
19.

20.

21.
22.

23.

BCO)

(ABD)

(ABD)

0 30 X
30 20 —-15

k= 23100 2
T 30778 35

t, = 75 min

t =78 0 (“15)

t=120 min

30-(-15)

x—(-15) 2 at halftime

45 45
~+15 =2 = x+15:7
= x=225-15=7.5°
(A,B,C,D)

(AB)

dCy  1dng 1 d(CyV)
r t—J = =

B odt VvV dt Vo dt

V dCy
TV odt
D)
According to arrhenius equation K = Ae
E,=0,K=A.
©
(B)

It is fact
(B)

,CadV _dC,

Cp dV
= +
vV odt  dt

V dt

—Ea/RT When

Ea
log K. =logA— ——2 _
gk, =log A= RT

57450
2.303x8.314x300

logK, =12~

LogK, =2
K, =Antilog 2
K, =10

K

_ F
K = K,

K

= 104:W

= K, =10°
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24.

26.

27.
28.

29.

A)

AG=AH-TAS

AG=20-Tx0.07

For non-spontaneous process AG > 0
hence 0<20-T x 0.07

<22 Toass7K
007 :

. (©

Kp =K (RT)™
=10*(0.082 x 300)'
=24.6 x 10*

A)

an A C
7dt_f[ ]7kb[]

d[C]
dt
and slope between conce and time is known as rate and
they are always equal at any time.
D)
D)

and =k, [A] -k, [C] atany time

[C] 04 2

[A] 06 = 3 fromgraph

0.999 1
=g ¥ =§—

-2
[A] =] xegk = e—3><33433><10
! e

. (O
A—> B + C
V4 0 0
Z—Xx X X
0 Z Z
27Z+3Z=b = 5Z=b
(Z-x)+2x+3x=a
= Z+t4x=a
b-a
4Z—-4x=b-a (Zz—x)= 4
b
1| s
kftln toa
4

31.

32.

33.
34.

36.

37.

. Arrhenius equation k= Ae

@A)
A —>nC
AL TIAL, [Al, _TIA]L
W=7 "7 "7 " g "
o .
= n_7 or 3 = /3

(A—=>p,1);(B—>p,1,5);(C—>q);(D—>p,r5)
(A) IInd order reaction

(B) & (D) Ist order reaction

(C) zero order reaction
(A=>p,q9;(B—-p,1,8);(C—>s);(D>p,q)
(A—>q),(B—5s),(C—or),(D—>p)

~E,/RT

Ea
2.303RT

Conparing the given equation with equation (i),

orlog  k=logA—

Ea  125x10*(K)
2.303RT T

= Ea=2.303%x1.25x10*x8.3 =238936.25J mol™

1.25%10*

k=antilog | 12.37 -
750

} =antilog (—4.3) sec™!
=5x107sec”

. Eak=238936.25x5x10°=11.95=12

Hence Ans. 12

t: 0 5 15 35
[A]: 1 0.5 0.25 0.125
IInd order of the reaction
Ans. 2
dxd+b%) _ g
(a—x)
dxw — Kdt
(a—x)
1+ab

[dx

—(1+ab)log(a—x)-bx=Kt—(1+ab)loga

j dx.b= kJ.dt

(a-x)

a
Kt=(1+ab)log m—bx

att:tl/2 X=

a
2
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CHEMICAL KINETICS AND NUCLEAR CHEMISTRY

b.
—a:(1+ab)1og27b—2a

K,,=(1+ab)log a
a—2

2
=log2+ablog2—-bax0.5
log2 +ab(log2-0.5)
t1/2 = K

. (a) Itis obvioius that t,, is inversely proportional to the
initial concentration .

Thus the reaction is of order 2.
1( 1 1
K=— __
tla—-x a

a 1
When (a—x) = E’t:tl/Z we have Kt, /= ;

11
at,, 0.1x135

K= atm™' min™!

Eﬂ
(b) We may write, viscosity = n = (constant) gy

E
.. Inm =1In (constant) — —2
n ( ) RT

dlnm  E, 1dn_ E
dT  RT* 'ndT RT’

The left hand side of this equation is the fractional change

of viscosity per degree-temperature change.

This is given as 0.02 deg™.

a

L 002=———
1.987 % (298)*

E =0.02x1.987 x (298)? cal/mol
Ea= 3529 cal mol

.k In

- 30min
400-200| 1 T 200 1n2
400-375) 30min 025) T,

- 1n2 .
T,,=(B0min) ~—— =10min

In8
So, we will have
Time (min) t=0 10 30
Pressure (in mm of Hg) 200 300 375
Volume of KMnO h 40 2 5
consumed (ml)
Ans. (a)40, (b)300, (c)375, (d)5
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