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Topic 1

1. (i) Order=2,
Rate _mol L™ s™

Dimensions of k = = =L mols
INOF  (mol 1)
(i) Order = 2, Dimensions of k=L mol™" s
(iii) Order = %
-1 -
Dimensions of k = Rate TR mol L_1S3,2
[CH;CHOF?  (mol ™)
— L1/2 m0|—1/2 5—1
(iv) Order=1,
. . Rate _moll7's™" 4
= = =S
Dimensions of k [CHCT oI

2. Initial rate = k[A][B)?

=(2.0x 107 x (0.1) x (0.2)> =8 x 10 mol L' &
When [A] is reduced from 0.10 mol L™" to 0.06 mol L', i.e.
0.04 mol L™" of A has reacted. Then according to equation,
amount of B reacted is half of A.

8] = % % 0.04 mol L! = 0. 02 mol L'

Hence, [B] left = 0.2 - 0.02 = 0.18 mol L
Now, again rate = k{A][B]?
Rate = (2.0 x 107°) x (0.06) x (0.18)?
=3.89x 107 mol L' 57!
3. For the reaction, 2NH; — N, + 3H,

I ) D e ) (1)
2 dt a3 dt

For zero order reaction,

Rate = k (2)

From equation (1) and (2)

Rate =

_ 1 dINH] _dIN,] 1 dH,] 3
Rate=—7=a ~~@& 3 a& ~43)
Rate of production of N, = % =k
k=2.5x10"mol L' s
, A
Rate of production of H, =0 - 3k

=3x25x10%molL7"s"=75x%x 10 mol L' 57"
4. Interms of pressure,
Units of rate = bar min™'
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_barmin™"
)3/2 bard’?

Units of k = Rate

Perzocky

5. Following are the factors on which rate of reaction
depends :

() Nature of the reactant : Rate of reaction depends on
nature of reactant.

Example : Reactions of ionic compounds are faster than that
of covalent compounds.

(i) State of reactants : Solid reactions are slow, reactions of
liquids are fast whereas that of gases are very fast.

(iii) Temperature : Rate of reaction largely depends on
temperature. It has been observed that every 10°C rise in
temperature increases rate of reaction by 2-3 times.

m;ﬁzz-g . This ratio is called temperature coefficient.

t

There are two reasons for increasing rate of reaction with
increasing temperature.

(a) Increase in temperature increases average kinetic energy
of reactant molecules. Hence, rate of collision increases.

(b)  With increase in temperature number of molecules having
threshold energy also increases /.e., number of active molecules
increases. As a result, number of effective collisions increases.
Hence, rate of reaction increases.

(iv) Concentration : Rate of reaction also depends on
concentration of reactants.

Rate = k x C" where n= order of reaction, C= concentration
of reactant.

(v) Presence of catalyst : Rate of reaction also depends on
presence of catalyst. Catalyst increases rate of reaction by any of
the following ways :

(a) Increasing surface area of reaction.

(b) Adsorbing the reactants on its surface and thus
increasing chances of collision.

(c) By forming unstable intermediate with the substrate.
(d) By providing alternate path of lower activation energy.

6. Rate = k[A]?

(i) If [A] = 2R, rate = k(2R)? = 4kR? i.e., rate of reaction
increases 4 times when concentration is doubled.

. 1 LRV 1,00 1
(i) If[A] = 3 R, rate = k(j) :ZkR i.e., rate becomes 7

when concentration is reduced to %
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7. (i) Reaction is first order in A and second order in B,
hence, differential rate equation is % = K A][B)*

(i) Let rate = kab?
If [B] is tripled, Rate = ka (3b)? = 9kab’
i.e., Rate increases 9 times.

(iii) If both [A] and [B] are doubled,
Rate = k (2a) (2b)* = 8kab?

i.e. Rate of reaction increases 8 times.

8. Suppose oder with respect to Ais ‘X' and with respect
to Bis 'Y'. Then the rate of law will be

b =2 = kA B

5.07 x 107 = k(0.2)*(0.3) ()
5.07 x 107 = k(0.2)* (0.10) (i)
Dividing (i) by (ii), we get

1=3=3"=3=y=0

5.07 x 107 = k(0.2)*(0.1)° (i)
1.43 x 107 = k(0.4)(0.05)° (iv)
Dividing (iv) by (iii), we get 2.8 = 2*
log 2.8 = xlog 2

_log2.8 0.4472 _ _

“log2.0 ~ 0.3010 =1.48=15

The order of reaction is 1.5 with respect to ‘A" and zero with
respect to ‘B

9. Suppose order with respect to A is m and with respect
to Bis n. Then the rate law will be

Rate = k[A]"[B]"

Substituting the value of experiments | to IV, we get

Expt. | :Rate = 6.0 x 107 = £ (0.1)" (0.1)" 0]
Expt. Il : Rate = 7.2 x 1072 = £ (0.3)™ (0.2)" (D)
Expt. Il : Rate = 2.88 x 107" = k(0.3)" (0.4)" (D)
Expt. IV : Rate = 2.4 x 1072 = k (0.4)" (0.1)" .. (iv)

Comparing equation (i) and equation (iv)
(Rate) _ 6.0x10~ _ £(0.9"(0.1)"
(Rately  2.4x1072  £(0.4)"(0.1)"

m m
l:&Z(l) S m:1
4 (04m \4

Comparing equation (i) and equation (iii)

(Rate), _ 7.2x10™> _ k(0.3)"(0.2)"

(Rate)y  2.88x10™"  £(0.3)"(0.4)"

2

or, (1) = (0.2 :(1)n son=2
2 (0.4)" 2
Rate law expression is : Rate = k{A][B]°.

The rate constant can be calculated from the given data of any

experiment using expression :
_ Rate

[AlIB
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From Expt. |, k = %102 =6.0
0.1x(0.1)

Rate constant k = 6.0 mol™ L2 min™

Rate  mol L' min™"

[AIBY  (mol L") (mol L7'Y?
=mol™ L min™

10. The reaction is first order with respect to A and zero

order with respect to B,

Hence the rate expression will be = k[A]" [B]° = K[A]

From expt. | : 2.0 x 1072 = k(0.1)

or, k=0.2min™

From expt. Il 1 4.0 x 107 = (0.2) x [A]

= [A]=0.2mol L’

From expt. Il : Rate = (0.2)(0.4)

=0.08 mol ™" min™" =8 x 1072 mol L™ min™"

From expt. IV : 2.0 x 1072 = (0.2) x [A]

= [Al=0.1mol L’

Unitof k, k=

Topic 2
1. Average rate during the interval 30-60 sec

C,-Ci_ 017-031 _0.14
L-t,  60-30 ~ 30

=4.67 x 102 mol L' 5™
2. Half-life period of a first order reaction is given by

mol ™" s~

Rate = —

L= 0693 hence

Mt =_02-g(9)3 _346x 1075

(i) 1, =_°-§93 — 0.346 min

(i) 4 =¥ =0.173 year

3. Radioactive decay follows first order kinetics. Therefore,
_ 0693 _0.693 .

t, 5730’
Given, [R], = 100 .. [R] =80

g g 2303 (Rl _ 2303 (@)
=72 9 (0.693) 9180

Decay constant (A)

5730

=%x0.0969 yr = 1845 years
4.

tis [N,04] x 107%/mol L™ log[N,0,]

0 1.63 -1.79

400 1.36 -1.87
800 [SL R I —194
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1200 | 093 | - 203
1600 0.78 =2.11
2000 0.64 -2.19
2400 0.53 -2.28
2800 0.43 -2.37
3200 0.35 -2.46

(i)  Plot of [N,Oc] vs time

160
[[RTIAN
T 1.2 \CD\
= O
S 1.0 \@\
T, 08 \@\c
% 06 o
g N
3 0.4 \]\@
=02
0

400 800 1200 1600 2000 2400 2800 3200
Time/ (s) ——>

(i) Initial conc. of N,O, = 1.63 x 1072 M

Half of this concentration = 0.815 x 1072 M
Time corresponding to this concentration =1440 s.
Hence, t,, = 1440 s

(iii) Plot of log [N,O¢] vs time

-1.80d
-1.90

-2.00
X

-2.10 o

-2.20 @D

-230 3]

~2.40 Y

-2.50
0

log [N,05] ——»

RO

400 800 1200 1600 2000 2400 2800 3200
Time (s) ——»

(iv) As plot of log [N,Oc] vs time is a straight line, it is a
reaction of first order, /.e. rate law s,
Rate = k[N,0q]

(v)  For first order reaction,

k
2303t+|og/?0

Therefore slope of the graph drawn between log £ and t will

—k
be 5303

log R =

' k Yo—=0
| f the line = — _
Slope of the line X ERA
or, Slope = —2:46=(=1.79) _ 067
3200-0 3200
o, _k _067
2303 3200
0.67 e
k= =482 %10
or, 39002303 x
: 0693  0.693
Vi) = === ~ 1438’5
kT 482x107

The value of t,,, calculated from the value of kis very close
to that obtained from graph.

5. Given, k=60s"" [R] = [HIO t=7?

. 2303 [H]O 2.303

Using formula, t= - =—log [R] 0 =—log16
=4.62x1072

Alternatively,
In general, amount of the substance left after n half lives,

7~ Bl (Al
VA
n=4and t=nxt,,
0.693 0.693
t= =4x—===0.0462
o °

6. Asradioactive disintegration follows first order kinetics.
Hence

0.693 _ 0.693

T, 281

=2.466x107? yr’

Decay constant of 2°Sr, (A) =

To calculate the amount left after 10 years
Given, [Rl, =1 pg, t= 10 years,
k=2.466 x 102 yr' [R] =?

2303, IRl
Using formula, A = ——lo
g / 095~ Al
_ 2. 303 1
2.466 x 1072 = £==1og
or [R]
2.466x1072 %10
2305~ o9lf]
or, log[R] =-0.1071
or, [R] =Antilog (-0.1071) = 0.7814 ug

To calculate the amount left after 60 years, t = 60 years,
(Rl =1ug, [R1=7

or 2.466 x 1072 = 2303

1

"Ml

2.466x1072x60 _ — —log [R]

or 2303
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or, log[R] =-0.6425
or, [R] =Antilog (0.6425) = 0.2278 ug

7. 99% completion means that x = 99% of [R], or,
(Rl = [R], — 0.99[R], = 0.01[R],

For first order reaction, t= ﬁﬁlog%
22303, [Rly 2303, .., . 2303
logos —T|09m =Tlog10 =2><T
90% completion means that [R] = [R],— 0.90[A],
= 0.1[Rl,
. 2303, [Rly 2303 2.303
o 190%_ k | 901[R]0 Tk |Og10_ k
toge,  (2x2.303 / 2.303) _
rgo%‘( 20 =

Or  logy, = 2 X loge,
8. 30% decomposition means that x = 30% of [R], or,
[R] = [R], - 0.3[R], = 0.7[R],
For reaction of 1! order,
R R
k= @'Og%z%'og 0;0%(/)?]0
_2303
40
_2303
40
For a 1°' order reaction,

. _0693_ 0.693
27k 8.918x107° min

9. (CH3),CHN = NCH(CHs)yg) — Nygg) + Cothag

Azoisopropane

|og17O min

%0.1549 min~' =8.918x10~> min~"'

— = /7.7 min

Hexane

Initial pressure Py 0 0
Pressure Po=p p p
after time ¢

Total pressure after time ¢ (P)

=(P,=p +p+p=P,+porp="P-~F

[Rly o< Pyand [R] e< Py—p

On substituting the value of p,

[Rl o< Py~ (P,— Py), i.e. [R] o< 2Py — P,

As decomposition of azoisopropane is a first order reaction

2303, [Rly  2.303 A
k_TIog[T]— ; log P
When t =360 sec,
(- 2303 350 |_2303, 350
=360 °9\2x35.0-54.0) 360 I 16

=2.175x 10735
When t =720 sec,
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~2.303

‘ 2303

35.0
720 °93x35.0 63~ 720 °9°

=2.235x 103"

2.175-52.235><

=220x 103"
Let initial pressure P 0 0
Po-p p p
Let initial pressure P o< R,
Pressure attime t, =Py —p+p+p=F+p
Pressure of reactant at time t

=Py—-p=2Py—P <R

, 2303 R
Using formula, k = ; IOg(ZPO —P,)
When t= 100,
2.303 0.5 2303
100 '09(2><0.5—o.6)‘ l0g(1.25)

100
2303 ~ 3
=557 (0.0969)=2.2316x107 s

When P, = 0.65 atm,
Pressure of SO,Cl, at time ¢ (pgo, ;).

R=2P,=p,=2x0.50-0.65atm = 0.35 atm
Rate at that time = k x pg, ¢, = (2.2316 x 107%) x (0.35)
=78x10%atms™

11. The units of k shows that the reaction is of first order.

Average value of k = 1073 57!

Pressure at time t

k=

2.303, _[R]

H k= 223935400

ence, ; Iog Al
-2 2303, 1.0
o, 2.0x 10" = £2935q Y
8 100 log [R]

or, log[R] =-0.8684
[R] = Antilog (~0.8684) = 0.1354 mol L™

12. Sucrose decomposes according to first order rate law,
Hence,

22303, Rl 4 _3his t—ghs LA
k_TlogW, 112 IS, IS, [R]O !
t,,=3.0hrs, .. f=0633_0693_4,3¢p-

[1/2 3
Hence, 0.231 = %Iog%
[Rlo

o, log—5-=0.8024

TR

(Rl _ ) _
or, W_Annlog (0.8024)=6.345
o, MAL__1__g1sg

[Rl, ~ 6.345
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Topic 3

1. The values of rate constants for the decomposition of
N,Os at various temperatures are given below :

TCO\T(K)| 1T k(s™') |In k(= 2.303 log k)
0 |273/36x1073(7.87 x 107/ ~14.06
20 [293/3.4x107/1.70 x 10™ -10.98
40 |313(3.19 x 1073[25.7 x 10 -8.266
60 |333(3.00 x 1073 178 x 107 —6.332
80 [353[2.8x 1072(2140 x 107 —3.844

2T
—4 T
-6 T
InkT -8 T
-0t
-127
_]4__
_]6__
_]8__
- 20 >

22 2426 28 3.0 32 34 36 38 40
— 103 x 1T
Graph between In k and 1/T

Slope of the line = tan®
Yo—=N :—10.98—(—14.08)
Xy =Xy 34-36

E, =-slope x R=~—(=15.5 x 10° x 8.314)
= 128.86 kJ K" mol™

Againln A=Ink+ %

%103 = -15.5 x 103

128.86x10° JK "mol™’
8.314%273

=-14.06 + 56.77 = 42.71
or, logA=18.53
or, A=antilog 18.53 = 0.3388 x 10"
or, A=3.388x 10'®
Value of rate constant kat 303 K and 323 K can be obtained
from graph.

=—14.06+

and

. . . . 1
F|rs1t of all In k is obtained corresponding to 303K
EVENA and then kis calculated.

2. Here, k=2.418x 1075,

E,=179.9kimol™", T=546 K, A=?

According to Arrhenius equation,

_ £,
log A=log k + 30307

179.9
2.303%8.314x107 x546
= (-5 +0.3834) + 17.2081 = 12.5924 5"
or, A=Antilog(12.5924)s"=3.912 x 102 57"
3. Arrhenius equation, k = Aeta"
Given equation is k = (4.5 x 10! 57")g28000K7
Comparing both the equations, we get

E, _ 28000 K

CRT ™ T
o, E,=28000Kx R=28000 x 8314
=232.79 k) mol™
E4lRT

4. According to Arrhenius equation, k = Ae™

E
nhk=InA- 22
or, In n o

=log(2.418 x 107) +

log k=log A— _La__
of 109 k=109 A~ S 303RT

Given equation is
log k=14.34—1.25 x 10°K/T ....(ii)
E; 1.25%x10* K
2.303RT T
o, £,=2303Rx 1.25x 10*K
=2.303 x (8.314) x 1.25 x 10* = 239.34 k) mol™"

When t,,, = 256 min, k = 2266920 =451 % 107057
X

Substituting this value in the given equation,

1.25%10* K
T

4
ie. (=5 +0.6542) = 14.34 — 1.25x107 K

;
4
or, LXI07K _ 456858 or, 7= 669K

-
5. Given k; =4.5x 10°s7,
T,=10+273K=283K k,=1.5x10*s!, T, =7,
E, =60 kJ mol™*

Applying Arrhenius equation,

k_ B (hL-T
'0971‘2.303/9( T,

Comparing (i) with (ii),

log(4.51 x 107) = 14.34 —

0 1:5x10° _ 60000 (7,283
9 45x10°  2303x8.314| 2837,
1093333 = 3133.63 [ 22283
o 092952 2507 | e,
or 0.5228 _T,-283

313363 283,
o, 0.04727T,=T,— 283 or 0.95287, = 283

283

,= ——— =297 K=297-273 = 24°C
0.9528

or,



2303, 10 , 2303, 4
t——k1 log 9 ,t——kz Iog3
2.303,10 _2.303, ' 4

“k 09 =) l0g3

4
k, 1093 10g1333 0.1249
Tk 10 " TogT.111~ 0.0457 2733
Og?

k, _ B (LT

'0971‘2.3033( A
E, (308—298)
2303x8.314298%308

_2.303x8.314x308x298
a 10

_19.147x308x298
B 10

— Ea
In k—InA—W

log2.733 =

E, x0.4367

x0.4367 = 76.75 k) mol™

£,
2.303RT
__76.75x1000
2.303x8.314x318

logk =logA—

=Iog(4><1010)
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76750
6088.746

=10.6021-12.6051=-2.003
k = Antilog (~2.003) = 9.93 x 1073
7. Givenr,=4r,T,=293K T,=313K £,=?

We know, rlzk_zzﬂ
nooko 1

Using Arrhenius equation,
kz _ Ea 1 1
|ng_1_2.303R(71 E)

|og4=L(L_L)
2.303x8.3141293 313

2.303%8.314x293%313
20

=10.6021-

o, £, =logdx

o, E,=152.864kl/mol

8. The rate constant increases with increase in temperature
and becomes almost double for every 10° increase in
temperature. Swedish chemist, Arrhenius derived a quantitative
relation between rate of reaction and temperature. According

to Arrhenius,
E

_ta E

=Je AT - _ a4

k=Ae or, log k=1log A o7
or, Iogk—2= £, |1_1
ky 2303R|T, T,

where k, = rate constant at temperature T,
k, = rate constant at temperature T,,
E, = energy of activation, R = universal gas constant.
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